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Calcium (Ca2+)/calmodulin-dependent kinase 2 (CaMK-II) is one member of a family of 
Ca2+/calmodulin-dependent protein kinases that responds to intracellular Ca2+ signals 
(Hudmon, A. and H. Schulman (2002)).  CaMK-II is a multifunctional regulator of 
transcription, cell cycle progression, cell motility and neuronal development. (Wang, C., 
et al. (2008), Easley, C. A. IV, et al. (2008), Osterhoff, M., et al. (2003), Faison, M. O., et 
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al. (2002)). Recently, CaMK-II has been shown to be important in the early development 
of vertebrates.  In developing zebrafish, disruption of CaMK-II expression has been 
shown to induce phenotypes similar to those documented in several human diseases. The 
identification of the tissue-specific binding partners and substrates of CaMK-II which are 
responsible for specific developmental fates remains a key step in understanding this 
important protein kinase family.  In this thesis research, specific “substrate-trapping” 
mutants of CaMK-II were designed, introduced into a variety of rodent and human cell 
lines in culture and used in conjunction with tandem mass spectrometry to identify 
binding partners, such as β-actin, tropomodulin-3 and Fli-I as well as novel, putative 
substrates, such as the tumor suppressor protein 53 (p53).  This approach was 
subsequently applied to zebrafish embryos where an overlapping subset of CaMK-II 
binding proteins to those found in mammalian cell culture were identified. This project 
represents one of the first studies to identify binding proteins in zebrafish embryos using 
epitope tagging and mass spectrometry. This research has also established a technical 
framework for the use of mass spectrometry to characterize the developmental proteome 
of whole zebrafish embryos or specific zebrafish tissues at any developmental time point.
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Introduction 
 
 
Ca2+/calmodulin-dependent kinase 2 (CaMK-II) is one of a family of 
multifunctional Ca2+/calmodulin-dependent protein kinases that responds to intracellular 
Ca2+ signals (Hudmon, A. and H. Schulman (2002)).  CaMK-II is encoded by four 
different genes (α, β, γ and δ), together encoding over forty different splice variants 
(Tombes, R. M., M. O. Faison and J. M. Turbeville (2003)).  It is a multi-subunit enzyme 
that is dodecameric in structure, with each subunit consisting of three distinct domains:  
the catalytic, variable and association domains.  The catalytic domain encodes 
autoinhibitory and calmodulin binding regions and also allows for ATP and substrate 
binding.  The variable domain allows for the generation of the many splice variants of 
CaMK-II and the association domain is required for the oligomerization of the protein, 
which allows for autophosphorylation and Ca2+ independent activity after Ca2+ signaling 
has subsided (Hudmon, A. and H. Schulman (2002)).  It is also thought that the activation 
of CaMK-II causes a conformational change in the protein to an “open” rather than 
“closed” conformation, where the catalytic domains of each subunit are exposed. 
  
The Roles of CaMK-II.  Due to both transcriptional and post-transcriptional 
variability, CaMK-II is known to bind and phosphorylate many target substrates, thereby 
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giving the enzyme great range in its function (Yoshimura, Y., et al. (2002)).  CaMK-II 
has been shown to affect cell cycle progression, promote cell motility and act as a 
regulator of transcription, among many other functions (Wang, C., et al. (2008), Easley, 
C. A. IV., et al. (2008), Osterhoff, M., et al. (2003)).  Recent published work has shown 
the importance of CaMK-II in cell motility through promotion of focal adhesion turnover.  
The catalytic activity of CaMK-II promotes the disassembly of focal adhesions by 
activating the dephosphorylation of FAK and paxillin, two proteins which are both 
known to be important in the structure of focal adhesions.  Transient dephosphorylation 
causes instability in these proteins, disassembly of the focal adhesions and increased cell 
motility (Easley, C. A. IV, et al. (2008)).    
Roles for CaMK-II in the regulation of β-catenin dependent transcription and cell 
cycle progression have also been described (Seward, M. E., et al. (2008), Wang, C., et al. 
(2008)).  When active, CaMK-II binds to flightless-I (Fli-I), a gelsolin-related actin 
binding and capping protein, sequestering it in the cytosol.  As CaMK-II becomes less 
active, Fli-I detaches from the enzyme and is able to enter the nucleus where it suppresses 
the transcription of β-catenin dependent genes, including cyclin D1, a protein important 
in the G1 to S-phase transition of the cell cycle (Seward, M. E., et al. (2008), Resnitzky, 
D., et al. (1994)).  Studies published recently have shown that CaMK-II directly binds to 
and phosphorylates MEK1, which in turn phosphorylates p27, targeting it for degradation 
and promoting the transition into the M phase of the cell cycle (Li, N., et al. (2009)).   
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In addition, CaMK-II also plays a significant role during the early development of 
vertebrates.  Laminin, an extracellular matrix protein that promotes neurite outgrowth and 
axonal specification, activates CaMK-II, which localizes to and stabilizes embryonic 
axons in mouse P19 neurons (Easley, C. A. t., et al. (2008), Easley, C. A. t., et al. (2006)).  
In particular, the amount of δc CaMK-II, which has a C-terminal tail, increases greatly 
following initial stages of neurite outgrowth (Faison, M. O., et al. (2002)).   
 
Identification of CaMK-II Binding Partners.  Prior research using tandem mass 
spectrometry has identified some known binding partners of CaMK-II.  As previously 
described, the binding interaction between Fli-I and CaMK-II to regulate β-catenin 
dependent transcription was discovered using this technique (Seward, M. et. al., (2008)).  
Also, cytoskeletal proteins such as actin and β5-tubulin are routinely identified as binding 
partners of CaMK-II, helping to uncover the possible mechanisms by which CaMK-II 
exerts control over cell migration and morphology (Osterhoff, M., et al. (2003)).  Other 
studies have used more classical techniques to illustrate the same interactions.  For 
instance, one study has shown that CaMK-IIβ binds to actin filaments and helps to 
arrange them into bundles, while also inhibiting actin polymerization either by binding to 
and sequestering actin monomers, or acting as a capping protein (Sanabria, H., et al. 
(2009)).  β5-tubulin has been identified as binding to CaMK-II and has been shown to 
disrupt the formation of microtubules, thereby inhibiting cell proliferation and greatly 
   
 4
influencing the microtubule elements of the cytoskeleton (Osterhoff, M., et al. (2003), 
Bhattacharya, R. and F. Cabral (2004)).  
   
“Substrate-Trapping” Mutants.  Cell signaling is typically characterized by the 
phosphorylation and dephosphorylation of proteins by kinases and phosphatases, 
respectively.  Because of the complex nature of these interactions, it is often difficult to 
untangle the web of protein-protein interactions within a signaling cascade.  In order to 
study these interactions, “substrate-trapping” mutant phosphatases have been developed 
which lack their catalytic activity, but in principle, maintain their ability to bind to 
substrates.  This, in turn, allows the phosphatase substrates to be co-precipitated with the 
inactive phosphatase, allowing the identification of both proteins by mass spectrometry 
(Blanchetot, C., et al. (2005)). By the same principle, several CaMK-II substrate- 
trapping point mutants were created (K43A, D137A, D189A, T287D/K43A, K43G), which are 
predicted to reduce the catalytic activity of the enzyme, but still allow interaction with 
substrates or binding partners.  This approach allows for identification of novel binding 
partners of CaMK-II via mass spectrometry. 
 
Transformation related protein 53 (p53).  Tandem mass spectrometry has 
already been used to successfully identify known binding partners of wild type CaMK-II 
in tissue culture (Seward, M. E., et al. (2008)).  Using specifically created substrate-
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trapping mutants of CaMK-II, for example K43A, K43G and T287D/K43A, in conjunction 
with mass spectrometry, new binding partners and putative substrates of CaMK-II in 
cultured cells have been identified.  Of particular interest was the identification of 
transformation related protein 53 (p53).  P53 is a transcription factor that is activated by 
various types of cell stress, including DNA damage and abnormal growth signals.  P53 
can affect many different downstream targets, and its stabilization and activation 
inevitably lead to protective mechanisms such as apoptosis, cell cycle control or 
senescence (Vogelstein, B., D. Lane and A. J. Levine (2000), Prives, C. and P. A. Hall 
(1999)).  
Interestingly, other mechanisms of p53 activation, deactivation, sequestering and 
degradation have been described, including binding to and interacting with other proteins, 
such as Mdm2, F-actin and FAK.  Mdm2, which is an E3 ubiquitin ligase, functions to 
negatively regulate the level of p53 in cells by marking p53 for degradation by 
proteosomes (Vogelstein, B., D. Lane and A. J. Levine (2000)).  Other studies have 
shown that p53 translocates to the cytoplasm in early S phase and binds to F-actin in a 
calcium-dependent manner (Katsumoto, T., K. Higaki, K. Ohno and K. Onodera (1995), 
Metcalfe, S., et al. (1999)).  FAK, which is regulated by active CaMK-II to promote cell 
motility, has been shown to enter the nucleus of cells, where it binds to and degrades p53 
through its N-terminal FERM domain.  FAK also binds to p53 in the cytoplasm of cells, 
but the function of this interaction is unknown.  It is thought that there may be some role 
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for FAK both in the degradation and stabilization of p53, under different circumstances 
(Cance, W. G., and V. M. Golubovskaya (2008)).   The identification of p53 by CaMK-II 
substrate-trapping and tandem mass spectrometry and the interaction of p53 with a wide 
variety of other proteins make p53 an attractive protein in the characterization of CaMK-
II-putative substrate interactions.       
 
CaMK-II in Zebrafish Development.  The wide range of functions of CaMK-II 
marks this enzyme as integral to understanding its role in cell growth, cell cycle control 
and cell movement during the early development of many organisms.  The expression 
and function of CaMK-II during early zebrafish development is of particular interest.  
Previous research has shown that CaMK-II is important in embryonic zebrafish 
development and that the various splice variants of CaMK-II are expressed differentially 
throughout developmental processes (Rothschild, S. C., J. A. Lister and R. M. Tombes 
(2007)).  In zebrafish, active CaMK-IIβ is necessary for proper fin and heart 
development.  The knockout of both Tbx5, a T-box transcription factor and CaMK-IIβ 
causes defects in developing zebrafish embryos, including bradycardia, elongated hearts 
and diminished pectoral fin development (Rothschild, S. C., et al. (2009)).  Remarkably, 
many of the observed phenotypes mirror those seen in specific human disorders.  For 
example, Holt-Oram syndrome (HOS) is a human disease caused by a mutation in the 
Tbx5 transcription factor.  The mutation causes developmental heart defects and stunted 
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growth of the forelimbs which is strikingly similar to the previously described Tbx5 and 
CaMK-IIβ morphant zebrafish (Rothschild, S. C., et al. (2009)). 
These findings suggest a pivotal role for CaMK-II and its substrates and binding 
partners during early vertebrate development.  My research has demonstrated the ability 
to identify such proteins in zebrafish embryos and to elucidate “developmental 
proteomes” of both whole zebrafish embryos, as well as specific tissues. Such a 
transformative technical approach will be an essential element of establishing the 
zebrafish model as relevant for studying human disease. 
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Materials and Methods 
 
 
mPCT and HEK Cell Culture .  The mouse proximal convoluted tubule (mPCT) 
and human embryonic kidney (HEK) cell lines were maintained in DMEM 
(Gibco/Invitrogen, Carlsbad, CA) with 10% FBS, L-Glutamine, Penicillin and 
Streptomycin at 37°C in a 5% C02 incubator in 100mm plastic tissue culture dishes 
(Nunc, Rochester, NY).  Cells were split every 3-4 days to maintain sub-confluency.   
 
Zebrafish Care and Strains.  Wild type fish embryos (AB strain, WIK strain, 
ZIRK) were obtained through natural matings and raised at 28°C.  Na+/K+-ATPase 
zebrafish embryos were provided by Dr. Iain A. Drummond, Massachusetts General 
Hospital (Liu, et al., (2007)).    
 
Vectors.  Lys-43-Ala (K43A), Lys-43-Gly (K43G), Asp-137-Ala (D137A), Asp-
189-Ala (D189A), Thr-287-Asp (T287D), Thr-287-Asp/Lys-43-Ala (T287D/K43A) were 
introduced by PCR-mediated site-specific mutagenesis into the coding sequence for 
FLAG-GFP δe CaMK-II.  Each mutant construct was then directionally inserted into the 
pcDNA2ab vector for transfections or the pFRM2.1 vector for injections.  The human 
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p53 clone was obtained from Dr. Sumitra Deb, Virginia Commonwealth University and 
directionally inserted into the FLAG-pCDNA vector.   
 
In Vitro Translation.  FLAG-p53 was in vitro transcribed and translated using the 
T7 RNA Polymerase driven TnT kit according to the manufacturer’s instructions 
(Promega, Madison WI).   
 
Transfection.  Cells at approximately 80% confluency in 100mm dishes were 
transfected with a total of 12µg of plasmid DNA with pBS-KS+ DNA used as a carrier 
when needed (1:2; plasmid:carrier).  Lipofectamine 2000 (Invitrogen, Carlsbad, CA) and 
the plasmid DNA were diluted in Opti-MEM with 3% FBS (Invitrogen, Carlsbad, CA).  
Cells were re-fed with culture medium (DMEM, as described in cell culture section) just 
prior to the addition of the transfection reagents.  Cells were harvested 24-48 hours post-
transfection.  
 
cDNA Injections of Zebrafish Emrbyos.  cDNAs (described in vectors section) 
were diluted in Danieau buffer and  100 ng was injected at the 1 to 4 cell stage of 
development. 
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Cell and Zebrafish Embryo Harvest.  Cell extracts were prepared as follows:  
mPCT cells were trypsinized with 0.25% trypsin-EDTA and re-suspended in 10 mL of 
DMEM.  Cells were then washed with Phosphate Buffered Saline (PBS, 
Gibco/Invitrogen, Carlsbad, CA) and centrifuged at 1000 x g for 5 minutes.  Pellets were 
resuspended in Homogenization Buffer (HB, 20mM HEPES (pH7.4), 2.6mM EGTA, 
20mM MgCl2 and 80mM β-glycerol phosphate) with 1µg/µL okadaic acid, 1μg/ml 
protease inhibitors (chymostatin, leupeptin, aprotinin, pepstatin, and soybean trypsin 
inhibitor (SBTI)).  Cells were lysed using two five-second bursts from a probe sonicator 
(Misonix, Farmingdale NY).  Cell extracts were then centrifuged at 12,000 x g for 15 
minutes at 4°C.  HEK cells were prepared in exactly the same manner, with the exclusion 
of trypsinization.  Between 100-200 zebrafish embryos at three days post-fertilization 
(3dpf) were anesthetized using a 0.003% 3-amino benzoic acid ethyl ester (MESAB) 
solution, resuspended in HB and harvested in the same manner as cells in culture.   
 
FLAG Immunoprecipitation.  Harvested cell lysates and zebrafish embryo 
lysates were used for FLAG immunoprecipitations.  Approximately 1000 µg of protein 
was pre-cleared with mouse IgG conjugated to agarose beads (Sigma) overnight at 4°C 
with rocking.  The resulting supernatant was then incubated with M2 anti-FLAG 
antibody (Sigma) conjugated to agarose beads for 2-5 hours at 4° C with rocking.  The 
supernatant was removed and the beads were washed 3 times with HB and one time with 
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sterile, filtered 30mM Tris, pH 7.4 (30mM Tris).  The bound proteins were eluted from 
the beads with 0.4mg/mL or 0.6mg/mL FLAG peptide in 30mM Tris for cell lysates and 
zebrafish embryo lysates, respectively.     
 
Cell Sorting by Flow Cytometry.  3dpf Na+/K+- ATPase zebrafish embryos 
(Drummond Lab, Nephrology Division, Massachusetts General Hospital) were 
dissociated in the following manner:  Embryos were incubated in 10mM DTT in egg 
water for one hour at room temperature.  After being washed 3-4 times in egg water, 
embryos were incubated in 5mg/mL collagenase in DMEM (Gibco/Invitrogen, Carlsbad, 
CA)  at 28.5°C for 6 hours and gently dissociated using a 1000 µL pipet tip.  The 
dissociated embryos were then incubated in 1 mL 0.25% trypsin-EDTA 
(Gibco/Invitrogen, Carlsbad, CA) for 20 minutes; 10 minutes at room temperature and 10 
minutes at 28.5°C.  The dissociated cells were then filtered through a 35 micron Nylon 
mesh and sorted using a Dako MoFlo high-speed flow cytometer and cell sorter (Dako, 
Glostrup, Denmark).  The fluorescent cells were prepared for mass spectrometry as 
described in the mass spectrometry sample preparation section.    
 
Western Transfer and Immunoblotting.  Cell lysate and FLAG immunopurified 
proteins were subjected to SDS (sodium dodecyl sulfate) PAGE (polyacrylamide gel 
electrophoresis) using the Mini-Protean system (Bio-Rad). For western transfer, protein 
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samples were separated on 4-15% polyacrylamide gels at 150 V. The proteins were then 
transferred to 0.45μm pore size Trans-blot nitrocellulose medium (Bio-Rad) for 1 hour at 
110 V. The nitrocellulose was then blocked for 30 minutes with 5% BSA (bovine serum 
albumin) in 1x TBSTA (Tris-buffered saline with 1% Tween 20 and 0.2% sodium azide). 
The appropriate primary antibody (anti-eGFP or anti-p53) was diluted to 1.0 μg/ml in 5% 
BSA in 1x TBSTA, and the blocked nitrocellulose was incubated with the primary 
antibody overnight at 23◦C with rocking. Nitrocellulose was then washed 3 times in 1x 
TBSTA for 5 minutes and subsequently incubated with appropriate alkaline phosphatase-
coupled secondary antibody (anti rabbit or anti mouse) diluted to 1 μg/ml in 5% BSA in 
1x TBSTA  for 2 hours at 23◦C with rocking. Blot was then washed 3 times for 5 minutes 
in 1x TBSTA.  All blots were developed in 0.1 M Tris, 0.1 M NaCl, 5mM MgCl2 
phosphatase buffer (pH 9.4) containing 0.25 mg/ml 5-bromo-4-chloro-3-indolyl 
phosphate (BCIP, Sigma) and 0.25 mg/ml nitro blue tetrazolium (NBT, Sigma).  Select 
blots were digitally scanned and densitometry was performed using the Image J program 
(National Institutes of Health). 
 
Antibodies.  The anti-eGFP was a rabbit polyclonal antibody purchased from 
Open BioSystems, Huntsville, AL.  The anti-p53 antibody was a mouse monoclonal 
antibody (1C12) purchased from Cell Signaling Technology, Danvers, MA.  The goat-
anti-rabbit secondary antibody was purchased from Kirkegaard Perry Labs, Gaithersburg, 
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MD and the goat-anti-mouse secondary antibody was purchased from Jackson 
Immunological Laboratories, West Grove, PA. 
 
CaMK-II Kinase Assay and Phosphorylation Assay.  Cell lysates, zebrafish 
embryo lysates or FLAG immunopurified samples were resuspended in HB to an 
approximate concentration of 0.2mg/mL.  Assays were conducted in 25 μL with 15 μL of 
sample and 10 μL of kinase mix to obtain the following final concentrations: 20 mM Na 
Hepes (pH 7.4), 15 mM Mg acetate, 10 mM NaF, 20 mM β-glycerol phosphate, 0.2 μM 
okadaic acid, 0.5 μM protein kinase A inhibitor peptide, 0.2 mM dithiothreitol (DTT), 0.5 
μCi [γ-32P]-, 10 μM total ATP, and 35 μM autocamtide-2, a peptide that mimics the 
autophosphorylation site of CaMK-II (Caran, Johnson et al. 2001).  Additionally, either 
1.04 mM EGTA (−Ca2+) or 1 μM calmodulin plus 1.04 mM EGTA/2.0 mM CaCl2 
(+Ca2+) was added to the kinase mix.  For CaMK-II kinase assays, reactions proceeded 
for 10 minutes at 32◦C, after which 20 μl of each sample was spotted on P81 
phosphocellulose squares (Whatman, Florham Park NJ) and dried for one minute. The 
squares were washed 5 times for 5 minutes in 500 ml of 1% phosphoric acid and allowed 
to dry for 1 minute.  Squares were analyzed by Cerenkhov counting in a scintillation 
counter (Beckman, Ramsey MN) and cpm’s were converted to pmoles from the specific 
radioactivity of ATP which was determined for each experiment.  Samples for 
phosphorylation assays were prepared using the same reagents.  Reactions proceeded for 
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30 minutes at 30°C and 2x SDS with DTT was added to the samples in a 1:1 ratio.  
Samples were boiled for 3 minutes and separated on a 4-15% SDS-PAGE gel (BioRad, 
Hercules, CA).  The proteins were transferred to nitrocellulose as described in the 
Western blotting section, and the nitrocellulose was exposed to X-Omat ™ Blue XB 1 
film (Kodak) for approximately 24 hours before being developed.   
 
Mass Spectrometry Sample Preparation.  Protein samples from FLAG 
immunoprecipitations were precipitated from solution with 10% tri-chloroacetic acid 
(TCA, Sigma -Aldrich) on ice for one hour.  The resulting precipitate was rinsed with ice 
cold 100% ethanol and resuspended in 8M urea, 100mM ammonium bicarbonate (ABC), 
5mM diothiothreitol (DTT) and incubated at 30°C for one hour to allow for the reduction 
of disulfide bonds.  After allowing the sample to come to room temperature, 1.5 µL of a 
200mM iodoacetoamide (IAA), 100mM ABC solution was added for 45 minutes at room 
temperature in the dark to allow for the alkylation of the broken disulfide bonds.  To 
quench any remaining IAA, 1.5µL of a 200mM DTT, 100mM ABC solution was added 
at room temperature for 20 minutes.  The urea concentration was then reduced to 1M by 
diluting the reaction mixture with 140µL of 50mM ABC/2mM CaCl2 buffer.  IAA, DTT, 
ABC and CaCl2 were all obtained from Sigma Chemical Company. A total of 2µg of 
sequencing grade modified trypsin (Promega, Madison, WI, #PR-V5113) was added to 
the sample for digestion; 1µg was added for 24 hours, and another 1µg was added 
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overnight (16-18 hours) at room temperature.  To halt digestion, 10µL of 20% 
triflouroacetic acid (TFA, Thermo Scientific, #PI-289034) was added and the resulting 
sample was filtered with a 0.22µm centrifugal filter unit (Millipore, Billerica, MA).   
 
LC-ESI-MS/MS.  Liquid chromatography-electrospray ionization-tandem mass 
spectrometry (LC-ESI-MS/MS) was performed using a ThermoFinnigan (San Jose, CA) 
autosampler, MS/HPLC pump, and LTQ XL linear ion trap mass spectrometer with 
electron transfer dissociation (ETD) capability.  Samples were run in triplicate, each run 
requiring approximately 20µL (2µg protein). Tryptic peptides were separated on a C18 
reverse phase capillary column (Column Technology, Inc., Fremont, CA) at 
approximately 500 nL/min using a 2-90% methanol gradient in 0.1% formic acid.  
Peptides were applied using a New Objective (Woburn, MA) PicoTip Emitter pulled 
fused silica nanospray needle and analyzed by choosing the four most intense peaks in 
each survey mass spectrum for collision-induced dissociation (CID) MS/MS. To avoid 
repeatedly analyzing abundant peptides, if the same ion (as determined by m/z ratio) was 
chosen for fragmentation twice or more often in a 30 second window, it was excluded 
from analysis for 3 minutes.  A blank consisting of acetonitrile/1% TFA is run before and 
after each sample in the same manner as described above.   
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Peptide/Protein Identification and Data Analysis.  Mass spectra were searched 
against the appropriate species database with the Finnigan Bioworks v.3.2 (SEQUEST) 
software.  Sequence data are then further analyzed using Peptide Prophet™ which 
provides improved sensitivity and specificity and the ability to compare results from 
different instruments or search algorithms.  A second analysis was performed using 
Protein Prophet™, which uses several criteria to identify proteins, including the total 
number of identified peptides, the percent of the total predicted protein sequence that was 
covered by these peptides, the number of peptides identified that are unique to the 
predicted protein, and the percent of all tandem mass spectra that are assigned to the 
protein or protein group in question, or percent share of spectrum identifications.  The 
protein identifications were then sorted based on percent share of spectrum identifications 
and those with the highest percent share were considered to be the most abundant 
proteins in the sample.  Interesting proteins were then selected from the top 20 most 
abundant for further analysis. 
 
Immunolocalization.  Cells were prepared for immunolocalization by sub-
culturing on either 2-well chamber slides or 12-well tissue culture dishes (Nunc, 
Rochester, NY).  Cells at approximately 60% confluency were fixed with either 100% 
methanol at -20°C for 3 minutes, or 4% paraformaldehyde for 10 minutes, followed by a 
3 minute wash with 0.01% NP40 in 1x PBS.  The fixed cells were rinsed with 1x PBS 
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and blocked with 5% BSA in 1x TBSTA for one hour at room temperature.  Primary 
antibody (anti-p53) was diluted 1:100 in 2% BSA in 1x TBSTA and applied overnight at 
4°C.  Cells were washed 3 times for 5 minutes with 1x PBS.  The appropriate secondary 
antibody was diluted 1:200 in 2% BSA in 1x TBSTA and applied for 1-2 hours at room 
temperature in the dark.  Cells were washed again 3 times for 5 minutes with 1x PBS and 
stored in 1x PBS for imaging.  
 
Imaging.  Phase contrast and fluorescent images of cells were taken on an 
Olympus IX-70 inverted microscope using a 12-bit camera (Olympus, Melville, NY). 
Fluorescent images were taken with two second exposures using a 595 nm dichroic long 
pass filter (Chroma, Rockingham, VT) illuminated by a mercury arc lamp. The images 
were processed using Olympus Microsuite, v.5.  All images of zebrafish embryos were 
taken using the Nikon AZ100 microscope and images were processed with NIS elements 
AR (Nikon).
   
 18
Results 
 
 
Design, preparation and verification of mutants.  Several mutant constructs of 
FLAG-GFP δe CaMK-II were designed and prepared for these experiments. The added 
FLAG tag (DYKDDDDK) allowed for affinity purification of the enzyme while the GFP 
tag allowed for visualization of the protein within living cells.  
 Lysine (K)-43 is located in the catalytic domain and is known to act in phospho-
transfer (Hanks, et al. (1988)).  Analagous K residues have been used to inactivate other 
CaMK-IIs and other protein kinases (Mukherji, et al (1994)).  Aspartic acid (D)-137 and 
189, also both lie in the catalytic domain of CaMK-II and are believed to be involved in 
phosphotransferase activity, but not substrate binding.  Changing these specific amino 
acids to neutral alanine residues was predicted to reduce catalytic activity of the enzyme 
without diminishing substrate binding.  A fourth target residue, Thr-287, is the site of 
Ca2+-dependent autophosphorylation. The T287D mutation is a Thr287 to Asp287 change at 
this autophosphorylation site which allows CaMK-II to remain active in Ca2+- 
independent conditions.  This would hypothetically maintain CaMK-II in what we have 
described as an “open” conformation, where each of the catalytic heads of the CaMK-II 
dodecamer is flipped outward and exposed.  Point mutations Lys-43-Ala, Lys-43-Gly, 
Asp-137-Ala, Asp-189-Ala and Thr-287-Asp were independently introduced into the 
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catalytic domain of FLAG-GFP δe CaMK-II via PCR-mediated point mutagenesis (Fig. 
1A) and specific mutagenesis was confirmed by sequencing. The prepared cDNAs of 
each construct were transfected into mPCT or HEK cells and the cells were visualized for 
GFP after 24 hours. Wild type FLAG-GFP δe CaMK-II is known to localize to the 
cytosol (Caran, N., et al (2001)) and all of these mutants exhibited the same cytosolic 
localization. Transfected cells were harvested and lysates prepared.  Cytosolic samples 
were then analyzed for GFP levels by Western blot as described (Fig. 1B) and 
successfully transfected and harvested cells were used for further analysis.  
 
Point mutations in the catalytic domain of CaMK-II reduce kinase activity.  
When the previously described substrate-trapping mutations are introduced into FLAG-
GFP δe CaMK-II, kinase activity is inhibited, as assessed by peptide assays.  In the K43A, 
D137A and K43G substrate-trapping CaMK-II constructs, kinase activity was reduced by 
80-95% as compared to WT CaMK-II.  However, the activity of D189A was not decreased 
(Fig. 1B).  These activities were normalized per transfected CaMK-II as determined by 
densitometry of GFP western blots.  The T287D construct exhibited the expected increase 
in percent autonomy, as well as an overall increase in kinase activity (Fig. 1B), as 
previously reported for the constitutively active form of CaMK-II (Johnson, L. D., et al 
(2000)).  The T287D/K43A CaMK-II double mutant also exhibited reduced kinase activity 
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as compared to WT.  The reduced kinase activity of each construct verified that the 
substrate-trapping mutants were catalytically compromised, as predicted. 
Optimization of immunoprecipitation and tandem mass spectrometry sample 
preparation.  Several methods have been previously described for the preparation of 
complex protein samples and immunopurified complexes for tandem mass spectrometry, 
both in gel and in solution (Kinter and Sherman (2000)). Most recently, this lab, working 
in collaboration with Dr. Rick Horwitz at the University of Virginia, published a study in 
which FLAG-tagged CaMK-IIs were expressed in cells and then purified by mixing 
immobilized (agarose bead) anti-FLAG IgG with lysates and eluting the bound protein 
with free FLAG peptide. Eluants were then analyzed by solution-based mass 
spectrometry (Seward, M.E., et. al., 2008).  These analyses were conducted by 
technicians at the mass spectrometry facility at the W.M. Keck Biomedical Mass 
spectrometry laboratory at University of Virginia. 
All of the samples used in my research were in solution, the majority of which 
contained extremely low amounts of protein (estimated at 1-2 µg), making established 
protocols, designed for 10-100 µg of protein, difficult.  Several steps were taken to 
optimize the MS/MS sample preparation protocol for use with low protein 
concentrations.  First, the amount of lysate (in protein mass) and anti-FLAG agarose were 
varied and samples were then assessed by anti-GFP western blot.  It was concluded that 
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approximately 1000 µg of protein in the total cell lysate and 50 µL anti-FLAG agarose 
(Sigma, #A2220) in 1000 µL was optimal for each immunoprecipitation, though this 
exact amount was not always used, as it was not always available.  Lysates were first pre-
cleared overnight with non-specific mouse IgG agarose and then purified using anti-
FLAG agarose, which included two elution steps with FLAG peptide to ensure maximal 
protein recovery.  The standard protocol suggested that samples in solution should be 
reduced in volume by vacuum centrifugation before proceeding with denaturation and 
alkylation steps.  Using vacuum centrifugation alone prior to MS/MS preparation, protein 
profiles were limited to less than 10 protein identifications with fewer than 5 peptides 
identified (data not shown).  In order to improve the quality of the results, samples from 
pooled FLAG elutions were TCA precipitated for maximum protein recovery and 
concentration, and resuspended directly in 8M urea, 100mM ammonium bicarbonate 
(ABC) and 5mM diothiothreitol (DTT) for denaturation.  The addition of the TCA 
precipitation step greatly increased the quality of the MS/MS data (Fig. 4-9, Appendix 1-
3).  Once the initial steps had been optimized, the denaturation, reduction and alkylation 
procedures were carried out in essentially the same way as in established protocols.  
Finally, it was necessary to optimize the tryptic digestion of the proteins in the denatured 
sample.  Sequence grade trypsin (Promega, Madison, WI) reliably cleaves after K and R 
residues creating predictable peptide fragments which can be analyzed by tandem mass 
spectrometry.  First, trypsin was added in a protocol-recommended 1:30 trypsin:protein 
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ratio, which was estimated, since the true protein concentration of the immunopurified or 
dilute samples could not be easily determined by conventional methods.  Digestion of 
proteins was sufficient for resolving protein profiles, and this trypsin:protein dilution was 
used for the majority of the samples in this study.  In one final attempt to optimize the 
protocol, the amount of trypsin added to each sample was increased to a standard 2 µg 
per sample.  The trypsin was added in two aliquots, one directly after sample denaturation 
and the second approximately 24 hours later.  For both the 24 hour incubation and 
subsequent 16-18 hour incubation, the samples were allowed to sit on the bench top 
(25°C).  This was to ensure complete digestion of all proteins in the samples.  Protein 
profiles obtained were slightly more comprehensive than those obtained with only one 
addition of trypsin, but the difference was minimal. Nonetheless, this has now been 
adapted as the standard procedure.       
 
Proteomic assessment of substrate-trapping mutants verifies known cytosolic 
binding partners of CaMK-II.  After the MS/MS sample preparation protocol had been 
optimized and verification of the reduced kinase activity in the substrate-trapping 
constructs of CaMK-II was completed, a comprehensive comparison of the binding 
partners of wild type and mutant constructs of FLAG-GFP δe CaMK-II was carried out in 
two cell lines; mPCT cells and HEK cells.  mPCT cells are murine proximal convoluted 
tubule cells derived from mouse kidney and HEK cells are human embryonic kidney 
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cells.  The two lines were chosen for these experiments in order to compare results 
between vertebrate species.  Each construct was transfected after dilution with carrier 
DNA (as described in the methods section), lysates were prepared and then different 
constructs of FLAG-GFP δe CaMK-II were anti-FLAG immunoprecipitated, prepared for 
MS/MS using the optimized protocol and analyzed by MS/MS (Fig. 2A).  The presence 
of FLAG-GFP δe CaMK-II in cell lysates and in the FLAG immunoprecipitations were 
verified by Western blots for GFP.  20 µL of the starting material (SM), or pre-cleared 
cell lysate, was loaded on a gel and a Western blot for GFP showed that the SM 
contained FLAG-GFP δe CaMK-II, and was assumed to contain other contaminating 
proteins.  The pre-cleared starting material was then incubated with the anti-FLAG 
agarose beads for 2-5 hours and, as expected, 20µL of the supernatant (UB) contained the 
unbound (UB) fraction, or all proteins not containing a FLAG-tag.  The disappearance of 
the band from the Western blot in this fraction indicates that all FLAG-GFP-tagged δe 
CaMK-II was bound to the FLAG beads.  Finally, the UB fraction was washed away, and 
the FLAG-tagged proteins were eluted (ELU) from the beads.  Because the total sample 
volume (200µL) was approximately one fifth the starting sample volume (1000µL), a 
smaller volume (16µL) of the ELU was loaded on the gel.  Overall, the FLAG 
immunoprecipitation provided a purified sample (ELU) containing only FLAG-GFP δe 
CaMK-II and any proteins in complex with CaMK-II (Fig 3).   
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Because protein concentrations in immunoprecipitates were extremely low and 
difficult to determine, an arbitrary volume (180-200µL) constituting approximately one 
fifth of the original protein sample was used in preparation for mass spectrometry.  
Peptides were analyzed by choosing the four most intense peaks in each survey mass 
spectrum for collision-induced dissociation (CID) MS/MS. To avoid repeatedly analyzing 
abundant peptides in the sample, if the same ion was chosen for fragmentation twice or 
more often in a 30 second window, it was excluded from further analysis for 3 minutes.  
Each sample was run in triplicate and a blank consisting of acetonitrile/1% TFA was run 
before and after each sample.  The results from each triplicate run were averaged for final 
results, which were analyzed using several criteria to identify proteins, including the total 
number of identified peptides, the percent of the total predicted protein sequence that was 
covered by these peptides, the number of peptides identified that were unique to the 
predicted protein, and the percent of all tandem mass spectra that were assigned to the 
protein or protein group in question, or percent share of spectrum identifications.  After 
sorting the results by percent share of spectrum identifications, several expected protein 
predictions were made.  As expected, CaMK-II delta and gamma sequences were 
identified, because the FLAG-GFP δe CaMK-II construct used throughout this study was 
chimeric between gamma and delta.  Several known CaMK-II binding partners such as β-
actin, flightless-I and tropomodulin-3 were found in the WT, T287D, D137A and D189A 
constructs (Fig. 4,7,  Appendix 1, 2).  Tubulins and actins have also been identified in 
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previous studies (Easley, C. A. IV., et al (2006)). As mentioned, actin is known to 
directly interact with CaMK-IIβ (Sanabria, H., et al. (2009)) and β5-tubulin has been 
shown to bind to CaMK-II (Osterhoff, M., et al. (2003).  In the T287D construct, CaMK-II 
was decreased and flightless was further enriched as a percentage of the spectrum, as 
previously published (Seward, M. E., et al (2008)). The ratio of flightless to CaMK-II 
from mass spectral shares changed from 0.057 to 0.69, a 12-fold change, which is 
comparable to the 4-10-fold change observed in the previous study (Seward, M. E., et al 
(2008)).  Overall, in conjunction with results already published by our lab, my thesis 
research proves that the optimized MS/MS technique is rapid and efficient for resolving 
proteins in dilute, purified samples as well as for identifying binding partners of CaMK-
II.  
 
Proteomic assessment of FLAG δe K43A, FLAG δe K43G and FLAG δe 
T287D/K43A CaMK-II identifies p53 as a possible substrate.  The K43A, K43G and 
T287D/K43A constructs bound to many of the same binding partners as did wild type and 
T287D alone, but interesting putative binding partners, transformation related protein 53 
(p53) and pyrroline-5-carboxylate synthetase were also identified.  In fact, peptides 
identifying p53 comprised over 10% of the entire identified spectrum in FLAG δe K43A 
CaMK-II.  P53 is a protein that is activated by various types of cell stress and turns on 
several protective mechanisms such as apoptosis, cell cycle control, or senescence. 
   
 26
(Vogelstein, B., D. Lane and A. J. Levine (2000), Prives, C. and P. A. Hall (1999)).  
Another protein previously unidentified by this method was pyrroline-5-carboxylate 
synthetase, which is a mitochondrial enzyme involved in proline biosynthesis, and is 
known to be important in certain regions of the central nervous system in rats (Hu, et. al., 
(1999)).  In mPCT cells, p53 was in high abundance in K43A, and was present, albeit in a 
lower abundance in K43G and the double mutant (T287D/K43A) (Fig. 5, 6).  In HEK cells, 
p53 was identified in K43A and K43G, but in a lower relative abundance as compared to 
mPCT cells and was not identified in the double mutant (Fig. 8, 9).   Because p53 was so 
abundant in the K43A construct in mPCT cells, and since p53 is widely studied, as it is 
mutated or abnormal in many human and animal cancers (Prives, C. and P. A. Hall 
(1999)), it presented itself as an attractive protein to characterize further in mPCT cells 
for this study.  
 
Protein profiles of mammalian cells can be resolved and compared using 
substrate-trapping and tandem mass spectrometry.  In examining the protein profiles of 
cells in culture, it is meaningful to compare the expression profiles of one construct or 
cell type to another.  Overall protein profiles can be efficiently resolved for both mPCT 
cells and HEK cells for each CaMK-II construct (Fig. 4-9, Appendix 1, 2) using the 
substrate-trapping/MS/MS technique.  In comparing the different CaMK-II constructs in 
mPCT cells, it is noteworthy that all constructs have several proteins in common, 
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including cytoskeletal proteins like Tubulin-β2c and tropomodlin, as well as other 
binding partners such as Fli-I (Fig. 10A).  The high abundance of p53 in K43A as 
compared to T287D/K43A suggests that the double mutant has a lower binding affinity for 
p53 than K43A.  Pyyroline-5-carboxylate synthetase (P5cs) was also identified in the 
K43A mutant, but not in the double mutant, which again, suggests a decrease in binding 
affinity for P5cs.  This lowered binding affinity may explain why the protein cannot be 
resolved by MS/MS in the constitutively active constructs.  The CaMK-II constructs in 
HEK cells compare to one another in a similar manner, yielding essentially the same 
protein profiles, with the exception of the K43A where p53 and P5cs are present.  
Interestingly, in HEKs, the double mutant does not exhibit any binding to p53 or P5cs 
(Fig. 10B).  This may again be explained by a decreased binding affinity for p53 and 
P5cs when the constitutively active mutation is present.   
Overall, an average 24% of the proteins identified in mPCT cells were also 
identified in HEK cells (Fig. 10C).  However, there are differences between the cell 
types.   While CaMK-II binds to Fli-I in mPCT cells, it does not in HEK cells.  The 
endogenous p53 level in the whole cell lysate of HEK cells is lower than in the lysate of 
mPCT cells, as measured by densitometry on a Western blot for p53 (Fig. 11B,C).  The 
affinity of CaMK-II for p53 and P5cs is also decreased in HEK cells.  All in all, by 
viewing the results for each group of experiments performed on a specific CaMK-II 
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construct in a specific cell type, it is possible to make simple, valid comparisons of each 
construct to the WT and to other mutants, as well as to compare between cell types.  
 
CaMK-II binds to, but may not phosphorylate p53.  The binding of p53 to a 
substrate trapping mutant suggests that p53 might be a substrate of CaMK-II. The ability 
of CaMK-II to phosphorylate p53 was therefore tested. In order to obtain the purest form 
of p53 possible, a FLAG-p53 construct was created (Fig. 11A) and in vitro translated as 
described.  The in vitro translated product was then further purified by FLAG 
immunoprecipitation, and purity was assessed by Western blot for p53 (Fig. 12).  
In order to determine whether p53 is an actual substrate of CaMK-II, the purified 
FLAG-p53 protein was used in a phosphorylation assay.  Active CaMK-II was mixed 
with the IVT FLAG-p53 product and phosphorylated with 32P for 30 minutes.  The 
proteins were then separated by SDS-PAGE, transferred to nitrocellulose, and exposed to 
film.  If FLAG-p53 was being phosphorylated by CaMK-II, radioactive 32P would be 
incorporated into FLAG-p53 and would expose the film, producing a band around 
53kDa.  No band was observed in the reaction containing p53 alone, although identical 
banding patterns were observed in the reactions containing p53 + CaMK-II and CaMK-II 
alone (Fig. 12).  This finding seems to indicate that CaMK-II was autophosphorylating, 
but was not phosphorylating p53, no matter how long the gel was exposed (16-48 hours).  
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The relative binding of p53 to transfected CaMK-II was assessed in mPCT cells 
and HEK cells by immunoblotting.  A Western blot for p53 in mPCT cells showed that 
FLAG δe K43A CaMK-II binds to p53, and that FLAG δe T287D/K43A binds to p53, but to 
a lesser extent.  Similar results were obtained in HEK cells, except that T287D/K43A 
seemed to have less affinity for p53, or was not binding at all (Fig. 11B).  However, in 
general, HEK cells express less endogenous p53 than mPCT cells, so this may explain the 
weaker signal, both on the Western blot and in MS/MS results (Fig. 11B, C).   
To assess the p53 – CaMK-II binding interaction in living cells, mPCT cells were 
fixed as described, either with 100% methanol or 4% paraformaldehyde, and incubated 
with a primary antibody for p53, followed by a secondary antibody conjugated to a 
fluorochrome, either Texas Red or Alexa 586.  In normal mPCT cells, p53 localized 
mostly to the nucleus (Fig. 13A, 14).  Attempts to co-localize CaMK-II and p53 in cells 
that were fixed with 100% methanol were unsuccessful in both WT cells as well as cells 
transfected with CaMK-II constructs that exhibit high levels of p53 in MS/MS 
experiments.  For example, when FLAG-GFP δe K43A CaMK-II was transfected into 
mPCT cells, it localized to the cytosol, while p53 remained in the nucleus (Fig. 13B).  It 
was assumed that p53 was unable to translocate to the cytosol, and in turn was unable to 
bind CaMK-II.  For that reason, several attempts were made to force p53 to move to the 
cytosol.  It has been previously reported that p53 translocates to the cytosol of cells 
during the late part of S-phase in a calcium dependent manner (Metcalfe, S., et. al., 
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1999).  Therefore, mPCT cells were treated with the ionophore ionomycin in an attempt 
to raise the calcium concentration of the cells and move p53 to the cytosol.  Ionomycin 
treatment at several different concentrations (0.2µM, 0.5µM (data not shown) and 1µM) 
and time points (6 hours, 17-20 hours) did not cause p53 to move (Fig. 13A).  Cells were 
also serum-starved overnight in an attempt to arrest the cell cycle and move p53 into the 
cytosol.  This treatment also seemed to have no effect on the localization of p53 (Fig. 
13A).   
The next approach was to use 4% paraformaldehyde as a fixative in lieu of 100% 
methanol.  When cells were fixed with 4% paraformaldehyde, p53 still showed a strong 
nuclear localization in untransfected mPCT cells, with minimal cytosolic localization, 
however, co-localization of p53 and CaMK-II was observed in the cytosol of mPCT cells 
transfected with FLAG-GFP δe K43A, K43G and T287D/K43A (Fig. 14).  The endogenous 
p53 exhibits a lower level of fluorescence than the overexpressed FLAG-GFP δe CaMK-
II constructs in each case, but the signal is clearly visible.  Nuclear localization was still 
observed in all of the subtrate-trapping constructs, but to a much lesser extent than the 
WT or T287D constructs.  This may suggest that the binding of p53 and CaMK-II may be 
dependent upon some other factor, such as progression through a certain stage of the cell 
cycle, or binding with some other intermediate protein in a complex.  The co-localization 
of p53 and K43A, K43G and T287D/K43A CaMK-II in living cells supports both the 
MS/MS data and the Western blots suggesting an interaction between the two proteins 
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(Fig. 5, 6, 11B, C).  Although CaMK-II does not seem to phosphorylate p53, taken 
together, these findings provide concrete evidence of a novel binding interaction between 
p53 and catalytically impaired or inactive CaMK-II.   
 
High levels of FLAG δe K43A CaMK-II injected into zebrafish embryos induce a 
split body axis phenotype at 24hpf.  As with many research studies, the relevance of the 
in vitro studies for this project can only lead so far toward understanding how CaMK-II 
functions in a living organism, more specifically, during development.  In order to 
illuminate the role of CaMK-II in early development, it is necessary to observe the 
enzyme in a living organism.  In recent years, the Danio rerio, or zebrafish model has 
gained significant attention and increased usage, because it is particularly amenable to 
developmental research.  For example, zebrafish are vertebrates and are extremely simple 
and cost effective to maintain.  The embryos are transparent, and develop rapidly outside 
of the mother, allowing for easy observation of the entire developmental process.  Several 
of the organs, including a multi-chambered heart, and organ systems, such as the renal 
system, are very similar to their human counterparts and thousands of early 
developmental zebrafish mutants exhibiting aberrant phenotypes have been identified 
using genetic screens (Leischke, G. J. and P. D. Currie (2007)).  Significantly, many of 
the identified zebrafish mutants exhibit phenotypes similar to those observed in human 
diseases.  It is also relatively easy to misexpress, over express or knockdown specific 
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genes simply by microinjection of mRNA or cDNA constructs into the early embryo 
(Leischke, G. J. and P. D. Currie (2007)).   
In my research, various constructs of CaMK-II were directionally inserted into the 
pFRM2.1 zebrafish expression vector which is under the control of the carp β-actin 
promoter and is universally expressed (Rothschild, S. C., et al (2009)). The resulting 
cDNA was used for injection.  Zebrafish embryos injected with a variety of 
concentrations (20-150ng) of either FLAG δe WT or FLAG δe K43A and then observed at 
24hpf were found to exhibit divergent phenotypes when high (100 ng) levels were 
injected.  Most WT embryos appear normal, with only a few exhibiting defects, 
presumably due to the over expression of CaMK-II.  A majority of the K43A injected 
embryos exhibit a convergent extension defect in the form of a split body axis at 24hpf, 
where one head splits into two trunks (arrows, Fig. 15A), and then re-converges into one 
tail (Fig. 15A).  Survival rates among the K43A injected embryos exhibiting the split body 
axis are low, as they do not typically survive past approximately 2dpf.  All those that do 
not exhibit the phenotype normally survive and look very similar to WT embryos at 3dpf 
(Fig 15B).  In reference to the movement of cells during early development, the split 
body axis phenotype is particularly interesting.  Previous work has shown that when 
CaMK-II activity is inhibited, focal adhesions are over-stabilized and cell motility is 
abolished (Easley, C. E. IV, et al (2008)).  The split body axis phenotype, which is 
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observed when the catalytically inactive FLAG-GFP δe K43A CaMK-II is injected, is 
indicative of a convergent extension, and therefore cell motility defect.  
 
Proteomic assessment of injected zebrafish embryos at 3dpf yields limited 
protein profiles.  WT and K43A embryos that survived injection (those that were injected 
with low cDNA concentrations) were harvested, CaMK-II was purified from the sample 
by FLAG immunoprecipitation (Fig. 15C) and the sample was prepared for mass 
spectrometry as previously described.  Approximately 100 embryos yielded limited 
protein profiles (Fig. 16).  There did not appear to be a great divergence between the 
profiles for WT and K43A injected zebrafish, which may be due to issues with resolution 
of proteins that are in lower abundance within the entire sample.  Vitellogenins, or yolk 
proteins, are difficult to remove, even by FLAG purification, and were extremely 
abundant in the zebrafish protein profiles (Appendix 3).  It is thought that the 
overabundance of these contaminating proteins makes it problematic to resolve complete 
protein profiles.  However, the injected CaMK-II constructs were recovered and several 
other expected cytoskeletal proteins that are known to bind CaMK-II were identified 
using tandem mass spectrometry (Fig. 16, Appendix 3D-I).         
 
Tandem mass spectrometry is sufficient for resolving individual, tissue-specific 
proteins in excised 3dpf zebrafish heart tissue.  Because the protein profiles for CaMK-
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II purified from injected zebrafish embryos were limited in scope, it was necessary to 
resolve the power of tandem mass spectrometry in identifying specific proteins in a 
complex zebrafish mixture.  Manual excision of approximately 60 hearts from 3dpf 
zebrafish embryos, followed by mass spectrometry resolved several heart-specific 
proteins in both cytosolic and membrane fractions (Fig. 17).  Some of these proteins 
include alpha actin, cardiac muscle-like 1, muscle cofilin 2 and myosin light chain 2 (Fig 
17A).  Manual removal of the heart tissues greatly reduced the amount of vitellogenin in 
the protein profiles and allowed for the resolution of proteins in lower abundance.  This 
data supports the idea that complex mixtures of zebrafish proteins can be efficiently 
resolved using the tandem mass spectrometry technique.     
 
Proteomic assessment of GFP-positive zebrafish kidney cells resolves cytosolic 
and membrane fractions and identifies specific proteins.  Manual excision of tissues 
from zebrafish embryos, while effective, is an arduous and time-consuming process.  
More effective methods of obtaining tissue-specific zebrafish samples were utilized, 
including cell sorting by flow cytometry.  Approximately 40 transgenic Na+/K+-ATPase  
zebrafish embryos expressing GFP in the kidney were dissociated with collagenase and 
trypsin, filtered and sorted using a Dako MoFlo high-speed flow cytometer and cell sorter 
as described in the cell sorting section.  Approximately 15,000 GFP-positive cells were 
obtained, and prepared for mass spectrometry.  Remarkably, not only were the number of 
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vitellogenins minimal, but substantial protein profiles for both cytosolic and membrane 
fractions were resolved.  The profiles included several proteins known to exist in the 
kidney as well as signaling proteins (Fig 18).  Some of the kidney-associated proteins 
include transient receptor potential cation channel 6 (Trpv6), PDZ domain containing-3 
(also known as NHERF4) and ictacalcin (Icn), which is a member of the S100 gene 
family and is expressed in tissues enriched with epithelia folds, including the hatching 
gland and pectoral fin buds, as well as the urogenital opening, which is part of the renal 
system (Hsaio, C., et al (2003)).  Another identified protein, phosphoinositide-3-kinase, is 
an important Ca2+/calmodulin regulated signaling molecule (Joyal, J.L., et. al., (1997)) 
that normally exists in relatively low levels.  Together, these results demonstrate that by 
employing this method, it is possible to remove most contaminating vitellogenins and 
resolve proteins that are in low abundance within a cell.   
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Discussion 
 
The creation and expression of catalytically inactive “substrate-trapping” mutants 
of FLAG-GFP δe CaMK-II in cell culture has allowed for rapid and efficient detection of 
CaMK-II substrates and binding partners using tandem mass spectrometry.  Verification 
of known CaMK-II binding partners such as tropomodulin, flightless and actin and the 
identification of new binding partners, such as p53, have proven that the “substrate-
trapping”/MS/MS technique is a powerful proteomic tool.  The translation of this 
technique to studies in vivo using the zebrafish model has shown that it is possible to 
resolve complex protein mixtures in both the whole organism and in specific tissues.  A 
variety of methods were used to determine the optimal conditions for different zebrafish 
MS/MS samples and several options have been described.  On one hand, FLAG 
immunoprecipitation is useful for embryos expressing FLAG-GFP-tagged constructs, 
while on the other manual excision allows for analysis of specific, wild-type tissues.  
Perhaps a more efficient method is flow cytometry, which allows for the analysis of 
fluorescently tagged cells or tissues and the removal of essentially all contaminating 
proteins, such as vitellogenins.   
Mass spectrometry has already been established as an integral instrument in 
decoding the massive proteome of life.  Binding partners of CaMK-II have previously 
been identified using the MS/MS technique, such as in the case of Flightless-I (Seward, 
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M. E., et al (2008)).  The idea of “substrate-trapping,” though not a generally new 
concept, takes on a unique new meaning in this research, as it is applied to kinases, 
specifically CaMK-II.  Typically, substrates of CaMK-II are phosphorylated and then 
quickly dissociate from the enzyme, preventing identification by MS/MS.  Using the 
substrate-trapping constructs of CaMK-II, a fruitful search for putative new substrates of 
the enzyme is now possible.  The suggestion that this technique could be used in the same 
application for any kinase opens a wide scope of opportunities in the emerging field of 
proteomics.  For instance, this study identified p53, a protein that is widely studied 
because of its apparent influence in human cancers, as a potential substrate of CaMK-II.  
Though it was not determined whether CaMK-II was phosphorylating p53, a binding 
interaction which was only observed when CaMK-II was catalytically inactive, was 
shown.  Recalling that the T287D, or constitutively active form of CaMK-II, exists in what 
has been described as an open conformation, the findings of this study indicate that 
CaMK-II with reduced catalytic activity in an open conformation has a reduced binding 
affinity for p53, as p53 is much more abundant in K43A than T287D/K43A (Fig. 5, 10).  In 
HEK cells, the overall binding affinity of CaMK-II for p53 seems to be reduced.  K43A 
and K43G bind p53, but appear in a much lower abundance as compared to mPCT cells 
(Fig. 6, 8, 11B, C).  The absence of p53 in the double mutant construct in HEK cells may 
only have to do with the lower endogenous levels of p53 and it is suspected that p53 is in 
such low abundance that it is undetected by mass spectrometry.  Immunolocalization of 
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p53 in living mPCT cells allowed for a visual confirmation of the binding interaction in 
the substrate-trapping constructs.  Although p53 and CaMK-II seem to co-localize in the 
cytosol of mPCTs, p53 is still visible in the nuclei of some cells that have been 
transfected with CaMK-II constructs.  This could indicate that the interaction between 
p53 and inactive CaMK-II is dependent upon some other factor or combination of factors, 
such as cell cycle stage, or complexing with other proteins.  Other studies have shown 
that p53 binds to other proteins only under specific circumstances.  For example, one 
study demonstared that p53 binds to F-actin in a Ca2+ dependent manner (Katsumoto, T., 
K., et. al., (1999)).   This finding becomes even more interesting in the context of another 
study, showing a direct binding interaction between CaMK-IIβ F-actin (Sanabria, H., et 
al. (2009)).  Is it possible that there is some kind of complex being formed when both 
CaMK-II and p53 bind F-actin?  Another interesting cross-section of protein-protein 
interactions is apparent when observing the activities of FAK.  FAK is dephosphorylated 
by active CaMK-II, but is over stabilized when CaMK-II is inactive, causing a decrease 
in cell motility (Easley, C. A. IV, et al. (2008)).   FAK has also been shown to interact 
with p53 in the cytoplasm of cells, but the function of this interaction is yet unknown 
(Cance, W. G., and V. M. Golubovskaya (2008)).  Perhaps an increase in the amount of 
phosphorylated FAK in the cytoplasm of cells stabilizes p53 and allows it to participate 
in a binding interaction with CaMK-II.  Though these interactions are, to date, pure 
conjecture, these ideas may represent an interesting course for the further characterization 
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of the CaMK-II – p53 interaction.  Regardless, this newly- identified binding interaction 
between p53 and the inactive FLAG-GFP δe K43A,  K43G and T287D/K43A CaMK-II 
constructs represents a never-before verified interaction between two proteins that are of 
vital interest to the scientific community.              
The success of tandem mass spectrometry in vitro has served as a solid backbone 
for the transition of the technique to use in the zebrafish model.   This thesis research has 
shown that it is possible to begin elucidating the proteome of zebrafish at any given 
developmental time point.  Zebrafish embryos injected with different CaMK-II constructs 
(WT and K43A) exhibited remarkably different phenotypes early in development.  While 
WT injected zebrafish maintain essentially normal development, those embryos injected 
with K43A display an obvious mutant phenotype in the formation of the body axis.  At 
higher concentrations, K43A causes the embryo to form one head and a split trunk, which 
reconverges to form one tail (Fig. 15A).  This kind of aberrant phenotype is indicative of 
a convergent extension defect, which is relevant because inactive CaMK-II has been 
previously shown to cause defects in cell motility (Easley, C. A. IV, et al. (2008)).  The 
phenotype suggests that in the trunk region, the inactivity of CaMK-II is preventing cells 
from migrating towards the center of the embryo to form one body axis.  Other members 
of the laboratory are conducting further investigations into the exact mechanism of this 
convergent extension defect in relation to K43A CaMK-II.   
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Logically, the interesting K43A phenotype prompted investigation of the mutant 
(and normal) zebrafish protein expression profile.  CaMK-II FLAG immunoprecipitated 
from zebrafish embryos injected with either FLAG δe WT or FLAG δe K43A CaMK-II 
yielded limited protein profiles with few differences between them, but these limitations 
appeared to be solely based on the overabundance of contaminating proteins, in 
particular, vitellogenins.  These proteins are present in large quantities, not only in whole 
embryos lysates, but in FLAG purified samples as well (Appendix 3A, B, I).  When 
proteins of interest include those that are known to be in relatively low abundance in a 
cell (such as signaling proteins like CaMK-II), contaminating yolk proteins cause definite 
problems.  Less abundant proteins can be “swamped out” by vitellogenins and therefore 
avoid detection by the instrument.   Several techniques were employed to remove the 
yolk from the 3dpf zebrafish embryos prior to FLAG immunoprecipitation and mass 
spectrometry preparation, including manual removal, dissolution in yolk-removal buffer, 
and size exclusion/affinity column purification, but none of these techniques proved 
sufficient to adequately reduce the number of vitellogenins.  Therefore, it is suspected 
that further experimentation with efficient yolk removal techniques will drastically 
improve the ability of tandem mass spectrometry to resolve more complete protein 
profiles in whole or purified zebrafish embryos.  Nonetheless, the utility of the tandem 
mass spectrometry technique for study of the zebrafish “developmental proteome” is 
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beneficial and can only improve with optimization and more efficient purification 
techniques.  
Because the whole embryo lysates and purified samples were limited in scope, 
specific tissues were used to test the true power of mass spectrometry to resolve complex 
zebrafish samples.  Excised heart tissue from zebrafish embryos was sufficient for 
yielding a protein profile which identified several proteins specific to the heart, including 
alpha actin, cardiac muscle-like 1 and muscle cofilin 2 (Fig 12 B).  Although the manual 
excision technique was successful, it is a difficult and time-consuming process, and 
though reduced, contaminating vitellogenins still remain.   
Cell sorting by flow cytometry in conjunction with MS/MS to analyze specific 
tissues was another novel technique used in this study.  Because zebrafish are so 
amenable to genetic study, transgenic lines of fish, containing virtually any fluorescent 
tag or mutation, are available.  However, if not readily available, it is just as simple to 
introduce mutations or tags by injection into developing zebrafish embryos.  In fact, work 
is currently underway in our laboratory to produce tissue-specific expression vectors 
which will allow the expression of fluorescently-tagged CaMK-II in any tissue desired.  
In this study, Na+/K+-ATPase transgenic zebrafish with GFP-tagged kidneys were used 
to pilot the initial tests of the cell sorting/MS/MS technique.  The GFP-positive kidney 
cells yielded protein profiles using as few as 15,000 cells, including proteins that are 
typically found in the kidney.  A portion of the dentified proteins included Trpv6 and 
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NHERF4 (a protein enriched in intestine and kidney), which have been shown to interact 
in facilitation of epithelial Ca2+ transport (van de Graaf, S.D.J. et. al., (2006)).  In 
addition, ictacalcin (Icn) was identified, which is known to be expressed in the urogenital 
opening (part of the developing renal system) in zebrafish embryos from 24-72hpf 
(Hsiao, C. et. al., (2003)) (Fig. 15A).  Perhaps most importantly, vitellogenins were 
almost completely abolished in the sorted kidney cells (Appendix 3J-O).  This allowed 
for the detection of signaling proteins such as PI3K, which would have normally been 
overshadowed by an abundance of yolk proteins.   
Overall, my thesis research has not only verified the functionality of MS/MS for 
studies in vitro, but has used the substrate-trapping/tandem mass spectrometry technique 
to identify p53 as a novel binding partner of CaMK-II.  I have also been able to facilitate 
the transition of the optimized FLAG immunoprecipitation and MS/MS sample 
preparation to use in the zebrafish model, where it has proven as a valuable technique for 
studying the zebrafish proteome.  With the improvement of yolk removal, development 
of tissue-specific expression vectors for CaMK-II and the use of cell sorting, the scope of 
the tandem mass spectrometry technique for deciphering the developmental proteome of 
zebrafish is boundless. 
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A. 
            
B. 
 
Figure 1.  Point mutations in CaMK-II alter kinase activity. A. Lys-43-Ala (K43A), 
Asp-137-Ala (D137A), Asp-189-Ala (D189A) and Thr-287-Asp (T287D) were introduced 
by PCR-mediated site-specific mutagenesis into the coding sequence for FLAG-GFP δe 
CaMK-II.  B. Protein kinase activity normalized to CaMK-II mass as determined by GFP 
immunoblot intensity. 
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A. 
 
B. 
 
 
Figure 2.  Sample workflow. Visual representation of the workflow for samples, both A. 
in vitro for mPCT cells and HEK cells and B. in vivo for 3dpf zebrafish embryos. 
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A. 
     
B. 
 
Figure 3.  Western blots for GFP in vitro.  Starting material (SM), unbound proteins 
(UB) and elution pool (ELU) from FLAG immunoprecipitations in A. mPCT cells and B. 
HEK cells for each construct of CaMK-II. 
 
   
 47
 
A.                                                       FLAG δe WT 
Protein Name Gene Symbol Mr (kDa) # Peptides % Unique Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II delta Camk2d 52kDa 73 10.9 23.6 15.96 
CaMK-II 
gamma Camk2g 60kDa 62 14.5 18.2 10.81 
Tubulin, alpha 
4 Tuba4 50kDa 37 51.8 31 5.79 
Tubulin, beta 5 Tubb5 55kDa 15 26.6 45.3 5.78 
Tropomodulin 
3 Tomod3 45kDa 31 35.4 37.2 4.9 
Tubulin, beta 
2c Tubb2c 50kDa 6 66.6 46.7 3.41 
Actin, beta, 
cytoplasmic Actb 43kDa 15 26.6 21.1 2.38 
Flightless I 
homolog Flii 145Da 8 50 5.2 1.55 
FLAP1 Lrrfip 1 85kDa 2 50 6.9 0.41 
FLAP2 Lrrfip 2 82kDa 3 66.6 7.8 0.44 
 
 
B.                                                        FLAG δe T287D  
Protein Name Gene Symbol Mr (kDa) # Peptides % Unique Peptide % Coverage 
% Share of 
Spectrum I.D. 
Tropomodulin 3 Tomod3 45kDa 68 22.0 40.6 6.83 
Flightless I 
homolog Flii 145kDa 46 28.2 16.8 5.14 
Vimentin Vim 57kDa 53 32.0 34.8 4.67 
Tubulin, beta 2c Tubb2c 50kDa 25 20 54.6 4.66 
Tubulin, beta 5 Tubb5 55kDa 19 26.3 59.9 4.47 
CaMK-II 
gamma Camk2g 60kDa 38 23.6 18.2 3.98 
CaMK-II delta Camk2d 52kDa 25 20 20.5 3.44 
Actin, beta, 
cytoplasmic Actb 43kDa 32 28.1 45.9 3.06 
FLAP2 Lrrfip 2 82kDa 15 26.6 19 1.7 
Actin, alpha, 
cardiac Actc1 41kDa 4 25 19.4 1.65 
FLAP1 Lrrfip 1 85kDa 6 66.6 15.6 0.87 
Figure 4.  Binding partners of CaMK-II constructs in mPCT cells.  A.  FLAG δe WT 
CaMK-II and B. FLAG δe T287D CaMK-II.  Each protein listed has peptides covering at 
least 5% of its entire sequence.  Total number of peptides identified, the percent of those 
peptides that are unique to the specified protein, the percent of the entire protein sequence 
covered by all peptides and the percent of all tandem mass spectra that are assigned to the 
identified protein are listed for each CaMK-II construct.  Results from one representative 
experiment. 
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A.                                                          FLAG δe K43A 
Protein Name Gene Symbol Mr (kDa) # Peptides % Unique Peptide % Coverage 
% Share of 
Spectrum I.D. 
Transformation 
related protein 
53 
p53 53kDa 131 19.8 51.8 10.74 
CaMK-II delta Camk2d 52kDa 79 15.1 38.9 7.45 
CaMK-II 
gamma Camk2g 60kDa 75 13.3 26.9 5.77 
Vimentin Vim 57kDa 65 27.6 44.4 4.82 
Tropomodulin 3 Tomod3 45kDa 55 21.8 37.8 4.19 
Tubulin, beta 5 Tubb5 55kDa 27 22.2 54.3 3.51 
Tubulin, alpha 
1 Tuba 50kDa 44 27.2 41 3.49 
Pyrroline-5-
carboxylate 
synthetase 
P5cs 80kDa 28 35.7 19.4 2.19 
Actin, beta, 
cytoplasmic Actb 43kDa 23 30.4 43.7 2.04 
Flightless I 
homolog Flii 145kDa 15 53.3 11.8 1.02 
FLAP2 Lrrfip 2 82kDa 9 33.3 12.8 0.67 
 
 
B.                                                    FLAG δe T287D/K43A 
Protein Name Gene Symbol Mr (kDa) # Peptides % Unique Peptides % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II 
gamma Camk2g 60kDa 73 13.6 18.2 8.45 
CaMK-II delta Camk2d 52kDa 56 17.8 28.7 7.83 
Vimentin Vim 57kDa 74 22.9 50 7.38 
Tubulin, alpha 
1 Tuba1 50kDa 22 22.7 49.4 5.27 
Tubulin, beta 5 Tubb5 55kDa 23 34.7 59.9 4.09 
Tropomodulin 3 Tomod3 45kDa 27 33.3 34.1 2.82 
Actin, beta, 
cytoplasmic Actb 43kDa 21 38.0 33.9 2.07 
Flightless I 
homolog Flii 145kDa 19 26.3 6.2 1.76 
Transformation 
related protein 
53 
p53 53kDa 17 41.1 7 1.62 
FLAP2 Lrrfip 2 82kDa 4 50 8 0.37 
Figure 5.  Binding partners of CaMK-II substrate-trapping constructs in mPCT cells.  
A.  FLAG δe K43A and B. FLAG δe T287D/K43A.  Each protein listed has peptides 
covering at least 5% of it’s entire sequence.  Total number of peptides identified, the 
percent of those peptides that are unique to the specified protein, the percent of the entire 
protein sequence covered by all peptides and the percent of all tandem mass spectra that 
are assigned to the identified protein are listed for each CaMK-II construct.  Results from 
one representative experiment.       
 
   
 49
A.                                                     FLAG δe K43G 
Protein Name Gene Symbol Mr (kDa) # Peptides # Unique Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II delta Camk2d 52kDa 104 12 37.3 5.64 
CaMK-II 
gamma Camk2g 60kDa 68 8 32.8 4.45 
Tropomodulin 3 Tomod3 45kDa 100 14 36.1 4.12 
Flightless I  Flii 145Da 57 16 22 2.36 
CaMK-II beta Camk2b 60kDa 6 2 20.3 1.65 
FLAP1 Lrrfip1 85kDa 20 5 21.5 1.05 
Actin, beta, 
cytoplasmic Actg1 42kDa 27 7 30.1 1.03 
Vimentin Vim 57kDa 22 6 20.2 0.96  
Actin, alpha, 
cardiac Acta 37kDa 18 3 19.6 0.82 
Tubulin, beta 5 Tubb5 55kDa 17 6 28.2 0.52 
FLAP2 Lrrfip 2 82kDa 7 4 16.8 0.29 
Transformation 
related protein 
53 
p53 53kDa 4 3 14.6 0.12 
Figure 6.  Binding partners of CaMK-II substrate-trapping constructs in mPCT cells.  
A.  FLAG δe K43G.  Each protein listed has peptides covering at least 5% of its entire 
sequence.  Total number of peptides identified, the percent of those peptides that are 
unique to the specified protein, the percent of the entire protein sequence covered by all 
peptides and the percent of all tandem mass spectra that are assigned to the identified 
protein are listed for each CaMK-II construct.  Results from one representative 
experiment.  
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A.                                                           FLAG δe WT 
Protein name Gene Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II delta Camk2d 52kDa 894 2 34.3 22.1 
CaMK-II 
gamma Camk2g 60kDa 737 2.2 21.6 18.8 
Beta globin  Hbb 16kDa 218 6.4 70.1 4.2 
Tubulin, beta Tubb 50kDa 81 9.9 67.6 3.7 
Tubulin alpha 6 Tuba6 50kDa 90 8.9 51 3.6 
Alpha 2 globin Hba2 15kDa 139 9.4 64.1 2.7 
Tubulin, alpha 
4a  Tuba4a 50kDa 48 10.4 48.9 2.6 
Tubulin, beta, 2  Tubb2 50kDa 32 15.6 63.1 2.5 
Tubulin, beta 
2B  tubb2b 50kDa 6 16.7 49.4 1.9 
Tubulin, beta, 4  Tubb4 50kDa 6 33.3 38.9 1 
 
B.                                                        FLAG δe T287D 
Protein name Gene Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II gamma Camk2g 60kDa 318 3.8 21.8 11.38 
CaMK-II delta Camk2d 52kDa 290 5.2 30.5 10.47 
Tubulin, beta Tubb 50kDa 74 10.8 67.6 4.51 
Tubulin, alpha, 
ubiquitous Tuba 50kDa 65 12.3 56.1 4.44 
Tubulin alpha 6 Tuba6 50kDa 14 21.4 56.1 3.42 
Tubulin, beta, 2 Tubb2 50kDa 27 14.8 53.3 2.89 
Tubulin, beta 2B Tubb2b 50kDa 4 50 45.6 2.08 
Solute carrier 
family25,member5 Slc25a5 33kDa 59 13.6 29.5 1.55 
Heterogeneous nuclear 
ribonucleoprotein H1 Hnrnph1 49kDa 56 16.1 30.1 1.45 
Eukaryotic translation 
elongation factor1 alpha1 Eef1a1 50kDa 26 23.1 18.8 0.6 
Figure 7. Binding partners of CaMK-II constructs in HEK cells.  A.  FLAG δe WT and 
B.  FLAG δe T287D.  Each protein listed has peptides covering at least 5% of its entire 
sequence.  Total number of peptides identified, the percent of those peptides that are 
unique to the specified protein, the percent of the entire protein sequence covered by all 
peptides and the percent of all tandem mass spectra that are assigned to the identified 
protein are listed for each CaMK-II construct.  Results from one representative 
experiment.  
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A.                                                         FLAG δe K43A 
Protein name Gene Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II delta Camk2g 60kDa 382 3.1 34.3 19.47 
CaMK-II gamma Camk2d 52kDa 345 2.3 20 16.6 
Tubulin, alpha, 
ubiquitous Tuba 50kDa 186 11.3 46.8 8.18 
Tubulin, beta Tubb 50kDa 68 11.8 59.9 6.78 
CaMK-II beta Camk2b 73kDa 117 4.3 15.9 5.95 
Tubulin, beta, 2 Tubb2 50kDa 13 30.8 45.8 4.52 
Solute carrier family 25, 
member 5 Slc25a5 33kDa 33 15.2 18.1 1.17 
Tumor protein p53 Tp53 44kDa 9 11.1 7.3 0.32 
Pyrroline-5-carboxylate 
synthetase isoform 1 Aldh18a1 87kDa 7 42.9 4.7 0.25 
Vimentin Vim 57kDa 5 40 8.6 0.08 
 
B.                                                          FLAG δe T287D/K43A  
Protein name Gene Symbol Mr (kDa) # Peptides % Unique Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II gamma Camk2g 60kDa 125 11.2 20.6 8.63 
CaMK-II delta Camk2d 52kDa 68 17.6 28.2 6.03 
Tubulin, beta Tubb 50kDa 25 24 64.2 4.53 
Tubulin, alpha 4a Tuba4a 50kDa 23 34.8 46.9 3.27 
Tubulin alpha 6 Tuba6 50kDa 15 26.7 46.3 2.62 
Tubulin, beta 4 Tubb4 50kDa 13 23.1 53.2 2.59 
CaMK-II beta Camk2b 73kDa 33 18.2 13.7 2.1 
Cell division cycle 37 
protein Cdc37 44kDa 30 26.7 22.5 2.02 
Heterogeneous nuclear 
ribonucleoprotein H1 Hnrnph1 49kDa 38 28.9 37 1.97 
Vimentin Vim 57kDa 18 44.4 26 1.27 
Figure 8. Binding partners of CaMK-II substrate-trapping constructs in HEK cells.  A.  
FLAG δe K43A and B. FLAG δe T287D/K43A.  Each protein listed has peptides covering at 
least 5% of its entire sequence.  Total number of peptides identified, the percent of those 
peptides that are unique to the specified protein, the percent of the entire protein sequence 
covered by all peptides and the percent of all tandem mass spectra that are assigned to the 
identified protein are listed for each CaMK-II construct. Results from one representative 
experiment. 
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A.                                                     FLAG δe K43G 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II delta Camk2d 52kDa 720 26 45.4 22.16 
CaMK-II gamma Camk2g 60kDa 448 10 34.5 18.68 
CaMK-II beta Camk2b 60kDa 7 1 33.4 5.48 
Tubulin, beta Tubb 49kDa 67 9 66.9 4.86 
Tubulin alpha 6 Tuba6 50kDa 63 8 55.7 3.91 
Transducin-like enhancer 
protein 3  Tle3 83kDa 41 12 33.7 1.18 
Vimentin Vim 57kDa 17 5 16.1 0.46 
Eukaryotic translation 
elongation factor 1 alpha 1 Eef1a1 50kDa 18 6 18.2 0.41 
Tumor protein p53  Tp53 53kDa 13 3 19.2 0.4 
Heterogeneous nuclear 
ribonucleoprotein F  Hnrnpf 46kDa 17 4 16.4 0.35 
Transducin-like enhancer 
protein 4 Tle4 84kDa 8 4 23.2 0.27 
Figure 9.  Binding partners of CaMK-II substrate-trapping constructs in HEK cells.  
A.  FLAG δe K43G.  Each protein listed has peptides covering at least 5% of its entire 
sequence.  Total number of peptides identified, the percent of those peptides that are 
unique to the specified protein, the percent of the entire protein sequence covered by all 
peptides and the percent of all tandem mass spectra that are assigned to the identified 
protein are listed for each CaMK-II construct.  Results from one representative 
experiment.  
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A.                                                                  mPCTs 
mPCT               
CaMK-II Construct WT T287D D137A D189A K43A T287D/K43A K43G 
Protein Name               
CaMK-II γ 12.5 12.5 23.4 23 11.8 8.5 4.45 
CaMK-II δ 14 13.25 21.1 20 12.6 7.8 5.64 
α-Tubulin 7.2 NA 4.8 5 3.6 10.1 0.54 
Eef1a1 0.8 0.9 NA NA 0.1 1.5 0.24 
Tubulin β-2c 3.8 5.6 4.8 2.1 2.2 2.8 NA 
Tubulin β-5 chain 4.7 6.6 5 3.5 4 4.1 0.52 
Tropomodulin-3 4.1 7.1 2.5 3.3 4 2.8 4.12 
Flightless-I 2.2 3.7 4.8 2.7 1.1 1.8 2.36 
β-Actin 1.7 3.4 1.7 1.4 1.6 2.1 1.03 
LRRFIP1 (FLAP1) 1.1 1.5 1.4 1.1 NA 0.7 1.05 
Vimentin 2.9 5.1 1.4 0.1 3.4 7.4 0.96 
LRRFIP2 (FLAP2) 0.7 1 1.2 0.6 0.7 0.4 0.29 
p53 NA NA NA NA 10 1.6 0.12 
Pyrroline-5-carboxylate synthetase  NA NA NA NA 1.4 NA NA 
 
B.                                                                 HEKs 
HEK               
CaMK-II Construct WT T287D D137A D189A K43A T287D/K43A K43G 
Protein Name               
CaMK-II γ 18.77 11.38 19.97 27.28 16.6 8.63 18.68 
CaMK-II δ 22.13 10.47 25 27.17 19.47 6.03 22.16 
α-Tubulin 6.18 7.86 9.57 5.33 8.18 5.89 3.91 
Eef1a1 0.37 0.6 0.23 0.11 0.27 0.34 0.41 
Tubulin β-2c 2.45 2.89 4.25 4.53 4.52 NA 3.27 
Tubulin β 3.73 4.51 6.5 6.9 6.78 4.53 1.85 
Hnrnph1 1.21 1.45 1.22 0.99 1.05 1.97 0.93 
Tle3 0.53 NA 0.61 0.33 0.7 0.17 1.18 
Scl25a5 0.88 0.68 0.97 0.68 1.17 0.91 NA 
WD repeat domain 77 0.2 0.44 0.12 0.1 0.12 0.14 NA 
Vimentin NA 0.17 0.12 NA 0.08 1.27 0.46 
Hnrnpf 0.46 0.49 0.48 0.35 0.63 0.82 0.35 
p53 NA NA NA NA 0.32 NA 0.4 
Pyrroline-5-carboxylate synthetase  NA NA NA NA 0.25 NA NA 
 
C. 
 
Figure 10.  Comparison of different CaMK-II constructs and cell lines.  The values 
indicate the average percentage of the entire sample spectrum that is composed of each 
proteins' peptides for A. mPCT cells and B. HEK cells. C. Percent of total proteins 
identified that both cell types have in common for each CaMK-II construct. 
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Figure 11. CaMK-II binds p53 in cell lysates. A.  Domain map of FLAG-p53 showing 
the FLAG tag on the N-terminus, the transactivation domain, the DNA binding domain, 
the oligomerization domain (4D) and the C-terminus, which includes three nuclear 
localization sequences.  B.   p53 binds to δe K43A, T287D/K43A and K43G in mPCT cell 
FLAG ELU, and δe K43A and K43G in HEK cell FLAG ELU, but does not bind to δe WT 
or δe T287D in either cell line.  C.  Densitometry of Western blot for p53 shows a relative 
increase in the amount of p53 in mPCT cells as compared to HEK cells.   
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Figure 12.  CaMK-II autophosphorylates, but may not phosphorylate p53.  Immunoblot 
for p53 showing successful FLAG immunoprecipitation of FLAG-p53 in vitro translation 
(IVT) product.  Autoradiograph shows that the purified CaMK-II autophosphorylates, but 
purified FLAG-p53 does not seem to be phosphorylated by purified CaMK-II. 
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A. 
 
B. 
            
Figure 13.  p53 localizes to the nucleus in mPCT cells fixed with methanol. A.  
Immunolocalization of p53 in untreated cells (Control), serum starved cells, 0.2µM 
ionomycin, overnight (0.2µM O/N), 1µM ionomycin, 6 hours (1µM, 6 hr). PC is phase 
contrast, A568 is Alexa568 marking p53.  B.  Immunolocalization of p53 in mPCTs 
transfected with GFP-tagged FLAG δe K43A CaMK-II.  Top, untransfected cells 
(Control), PC is phase contrast, TR is Texas Red marking p53.  Bottom, transfected cells, 
PC is phase contrast, GFP is marking FLAG δe K43A CaMK-II and TR is Texas Red 
marking p53. 
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A. 
              
B. 
 
Figure 14.  p53 co-localizes with inactive CaMK-II constructs in the cytosol of mPCT 
cells fixed with paraformaldehyde. A. Immunolocalization of p53 in untransfected cells, 
B. FLAG-GFP δe WT, T287D, K43A, K43G and T287D/K43A.  p53 co-localizes in the 
cytosol with the substrate-trapping constructs of CaMK-II (K43A, K43G and T287D/K43A), 
while p53 remains in the nucleus in untransfected cells, WT and T287D CaMK-II 
constructs.  PC is phase contrast, GFP is green fluorescent protein (marking FLAG-GFP-
CaMK-II) and A586 is Alexa586 (marking p53). 
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A. 
 
B. 
 
C. 
                                                                                            
Figure 15.  Zebrafish embryos injected with different CaMK-II constructs exhibit 
different phenotypes.  Zebrafish embryos injected with either FLAG δe WT CaMK-II 
(left panels) or FLAG δe K43A CaMK-II (right panels).  A. At 24hpf, K43A injected 
zebrafish exhibit a split body axis (arrows) while WT exhibits a normal phenotype.  B. At 
3dpf, both constructs exhibit similar phenotypes, but survival rate is lower for K43A.  C.  
Western blot for GFP verifying FLAG I.P. of WT and K43A injected 3dpf zebrafish 
embryos. 
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A.                                                          FLAG δe WT 
Protein name Gene Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Actin, alpha 1, skeletal 
muscle Acta1 42kDa 76 17.1 48 4.27 
CaMK-II delta Camk2d 52kDa 26 7.7 16.3 4.09 
CaMK-II gamma Camk2g 60kDa 51 11.8 24.7 3.42 
Myosin heavy chain 9, non-
muscle-like 2 Myh9l2 223kDa 23 52.2 16.1 1.06 
Myosin heavy chain 9, non-
muscle-like 1 Myh9l1 204kDa 15 66.7 20.5 0.95 
Myosin, heavy polypeptide 
2, fast muscle specific Myhz2 221kDa 24 50 11.6 0.68 
Tubulin, beta 2c Tubb2c 50kDa 14 35.7 17.1 0.67 
Similar to kinesin family 
member 13B LOC562976 86kDa 15 6.7 1.3 0.6 
Similar to novel kinesin 
domain containing protein LOC567045 151kDa 15 6.7 1.8 0.56 
Myosin, heavy chain 9, non-
muscle Myh9 121kDa 1 100 21.5 0.52 
  
B.                                                       FLAG δe K43A 
Protein name Gene Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
CaMK-II delta Camk2d 52kDa 26 7.7 17.3 4.05 
CaMK-II gamma Camk2g 60kDa 45 8.9 18.9 3.43 
Novel myosin family protein  ns:zf-e523 213kDa 38 44.7 17.1 2.05 
Actin, alpha 1, skeletal 
muscle Acta1 42kDa 55 16.4 31 1.65 
Myosin XVIII-like 2 Myo18l2 279kDa 22 13.6 4.1 0.57 
Novel protein similar to 
vertebrate histone 1, H4h LOC563628  11kDa 10 20 23.3 0.55 
Similar to centrosomal colon 
cancer autoantigen protein LOC556980 60kDa 20 5 3.7 0.35 
Similar to kinesin family 
member 13B LOC562976 86kDa 12 8.3 2.4 0.35 
Amino-terminal enhancer of 
split Aes 22kDa 3 66.7 8.1 0.18 
Tubulin, beta 5 Tubb5  55kDa 4 75 10.4 0.15 
Figure 16.  Zebrafish embryos injected with different constructs of CaMK-II exhibit 
similar protein profiles.  A.  FLAG δe WT and B.  FLAG δe K43A.  Each protein listed 
has peptides covering at least 5% of its entire sequence.  Total number of peptides 
identified, the percent of those peptides that are unique to the specified protein, the 
percent of the entire protein sequence covered by all peptides and the percent of all 
tandem mass spectra that are assigned to the identified protein are listed for each CaMK-
II construct. Results from one representative experiment and vitellogenins have been 
omitted.   
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A.                                                        Cytosolic Fraction 
Protein Name Gene Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Similar to cathepsin L LOC100001565 37kDa 152 14.4 48.2 6.14 
Actin, cytoplasmic 1 Bactin1 41kDa 288 8.3 64.5 4.23 
Similar to vertebrate 
meprin family LOC569018 29kDa 38 21 70.6 4.09 
Cytokeratin, enveloping 
layer Cyt1l 47kDa 209 7.1 72.6 2.56 
Actin, alpha, cardiac 
muscle 1 like Actc1l 42kDa 57 33.3 60.5 1.87 
Glyceraldehyde 3-
phosphate dehydrogenase Gapdh 37kDa 118 14.4 56.8 1.39 
Similar to B tubulin Zgc:55461 49kDa 74 12.1 47.2 0.74 
Myosin light chain 2 Mylz2 54kDa 8 50 46.4 0.1 
Muscle cofilin 2 Cfl1 18kDa 14 42.8 16.4 0.18 
Annexin A1a Anxa1a 37kDa 16 12.5 23.2 0.15 
Ferritin heavy chain Fth1 19kDa 4 50 13.6 0.04 
 
B.                                                       Membrane Fraction 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Actin, cytoplasmic 1 Bactin1  42kDa 416 3.6 68.8 4.4 
47 kDa protein 
si:dkeyp-
113d7.4  47kDa 90 10 50.6 2.02 
Novel protein similar to 
vertebrate histone 1, H4h LOC563628  11kDa 188 4.3 49.5 1.57 
Skeletal alpha1 actin Acta1  42kDa 30 13.3 34.2 1.22 
Elongation factor 1-alpha Ef1a  50kDa 144 10.4 36.8 1.21 
Histone H2B  Hist2h2l  13kDa 60 8.3 27.4 0.49 
MGC174155 protein 
MGC17415
5 38kDa 49 6.1 19.8 0.46 
ATP synthase subunit 
beta Zgc:111961  55kDa 52 17.3 26.3 0.43 
Tubulin, beta 2c Tubb2c 50kDa 29 10.3 34.6 0.41 
Solute carrier family 25 
member 5 protein Slc25a5 33kDa 50 16 29.2 0.39 
Zgc:123194 Zgc:123194 50kDa 21 14.3 32.6 0.36 
Histone H2A 
LOC100000
783 14kDa 52 3.8 25.2 0.29 
Voltage-dependent anion 
channel 2 Vdac2  30kDa 20 30 37.1 0.17 
Figure 17.  Tandem mass spectrometry of 3dpf zebrafish hearts is sufficient for 
resolving proteins in a complex mixture.  Approximately 60 3dpf zebrafish hearts were 
excised and analyzed by mass spectrometry. A.  Protein profile for the cytosolic heart 
fraction.  B.  Protein profile for the membrane heart fraction.  Results from one 
representative experiment and vitellogenins have been omitted.   
 
   
 61
A.                                                        Cytosolic Fraction 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Actin, cytoplasmic 1 Bactin1 41kDa 82 14.6 51.5 4.44 
Skeletal alpha1 actin Acta1 41kDa 27 14.8 19.1 2.29 
Histone h4 zgc:153409 11kDa 25 20 41.7 1.27 
Similar to pol polyprotein 
LOC100003
348 84kDa 26 3.8 1.2 0.99 
Elongation factor 1-alpha Ef1a 50kDa 17 29.4 17.3 0.81 
PDZ domain containing-3 Pdzd3 55kDa 10 10 2.8 0.55 
Similar to transient 
receptor potential cation 
channel 6 Trpv6 34kDa 17 5.9 5.9 0.4 
Ictacalcin Icn 10kDa 6 16.7 13.7 0.36 
Myosin, heavy chain 9, 
non-muscle, like-2 Myh9l2 75kDa 8 50 4.7 0.32 
Similar to NLR family, 
card domain containing 3 LOC571296 80kDa 2 50 3.7 0.09 
Pax9b Pax9 30kDa 1 100 8.9 0.06 
Phosphoinositide-3-
kinase, class 3 
Pik3c3 83kDa 1 100 3.3 0.06 
 
B.                                                    Membrane Fraction 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
% Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Type II basic cytokeratin Krt4 44kDa 19 21.1 18.7 4.99 
Zgc:153629 Zgc:153629 48kDa 9 33.3 6.3 1.93 
 34 kDa protein NA 34kDa 7 14.3 5.9 0.87 
Novel protein similar to 
vertebrate YLP motif 
containing 1 
si:ch211-
59d15.5  163kDa 7 14.3 0.7 0.77 
MARVEL domain-
containing protein 1 im:7136220  31kDa 5 20 9.3 0.65 
Novel protein similar to 
type I cytokeratin, 
enveloping layer 
si:dkeyp-
113d7.4  50kDa 3 33.3 4.1 0.55 
Novel protein similar to 
human titin Ttnb 615kDa 2 100 0.7 0.3 
Flotillin 1 Flot1b  33kDa 1 100 11.3 0.24 
Similar to alpha 1 type 
IIA collagen LOC564355  127kDa 1 100 2.3 0.24 
Solute carrier family 16 
(Monocarboxylic acid 
transporters), member 3 Slc16a3  51kDa 1 100 14.1 0.24 
Transmembrane protein 
166 Zgc:153298  17kDa 1 100 11.8 0.24 
Figure 18.  Proteomic assessment of GFP-positive zebrafish kidney cells resolves 
cytosolic and membrane fractions and identifies tissue specific proteins.  
Approximately 100 Na+/K+ ATPase transgenic zebrafish embryos were dissociated and 
GFP positive kidney cells were sorted by flow cytometry.  A.  Protein profile for 
cytosolic kidney fraction.  B.  Protein profile for membrane kidney fraction 
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Table of Contents for Appendices 
 
 
Title           
MS/MS - Mouse Proximal Convoluted Tubule Cells           
Construct Experiment Date 
Approximate Starting 
Protein (ug) 
Approximate 
#  
# Proteins 
Identified Page 
FLAG δe WT CaMK-II  5/19/2008 600 NA 18  69 
FLAG δe WT CaMK-II 6/20/2008 1000 NA 16  70 
FLAG δe WT CaMK-II 6/16/2008 1000 NA 20  71 
FLAG δe WT CaMK-II 6/19/2008 1000 NA 28  72 
FLAG δe T287D CaMK-II 5/20/2008 600 NA 12  73 
FLAG δe T287D CaMK-II 6/20/2008 600 NA 14  74 
FLAG δe T287D CaMK-II 6/16/2008 600 NA 21  75 
FLAG δe T287D CaMK-II 6/19/2008 600 NA 30  76 
FLAG δe K43A CaMK-II 6/17/2008 1000 NA 25  77 
FLAG δe K43A CaMK-II  6/19/2008 1000 NA 23  78 
FLAG δe K43A CaMK-II 8/7/2008 400 NA 11  79 
FLAG δe K43A CaMK-II  8/9/2008 700 NA 14  80 
FLAG δe D137A CaMK-II 8/2/2008 400 NA 9  81 
FLAG δe D137A CaMK-II 9/5/2008 700 NA 20  82 
FLAG δe D189A CaMK-II 10/16/2008 800 NA 17  83 
FLAG δe T287D/K43A CaMK-II 2/1/2009 341 NA 55  84 
FLAG δe K43G CaMK-II 6/9/2009 648 NA 64  86 
            
MS/MS - Human Embryonic Kidney Cells           
Construct           
FLAG δe WT CaMK-II  11/14/2008 1000 NA 36  90 
FLAG δe T287D CaMK-II  11/14/2008 1000 NA 37  92 
FLAG δe K43A CaMK-II  9/5/2008 700 NA 38  94 
FLAG δe D137A CaMK-II  9/5/2008 700 NA 25  96 
FLAG δe D189A CaMK-II  10/16/2008 800 NA 15  97 
FLAG δe T287D/K43A CaMK-II   2/1/2009 1000 NA 75  98 
FLAG δe K43G 6/9/2009 954 NA 73  101 
            
MS/MS - Zebrafish           
Sample           
CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos 1/7/2007 NA 100 embryos 92  105 
CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos 10/18/2008 NA 100 embryos 130  109 
FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish 
Embryos 5/29/2008 800 100 embryos 12  114 
FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish 
Emrbyos 6/19/2008 NA 100 embryos 6  115 
FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish 
Embryos 7/23/2008 1000 100 embryos 5  116 
FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish 
Embryos 4/24/2009 700 104 embryos 79  117 
FLAG Purified FLAG δe K43A CaMK-II Injected 3dpf Zebrafish 
Embryos 4/11/2009 700 100 embryos 23  120 
FLAG Purified FLAG δe K43A CaMK-II Injected 3dpf Zebrafish 
Embryos  4/24/2009 700 53 embryos 71  121 
FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos 4/11/2009 50 100 embryos 124  124 
2dpf Zebrafish Hearts 10/27/2008 5 30 hearts 181  129 
3dpf Zebrafish Hearts 10/11/2008 4 8 hearts 97  136 
3dpf Zebrafish Hearts 10/27/2008 5 30 hearts 173  140 
GFP positive Kidney 3dpf Na+/K+- ATPase Zebrafish Embryos 4/24/2009 12 
40 embryos 
(15,000 cells) 95  146 
GFP Positive Kidney Pellet 3dpf Na+/K+- ATPase Zebrafish 
Embryos 4/24/2009 3 
40 embryos 
(15,000 cells) 37  150 
GFP Negative Kidney 3dpf Na+/K+- ATPase Zebrafish Embryos 4/24/2009 12 
40 embryos 
(15,000 cells) 288  152 
GFP Negative Kidney Pellet 3dpf Na+/K+- ATPase Zebrafish 
Embryos  4/24/2009 3 
40 embryos 
(15,000 cells) 40  162 
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A.  FLAG δe WT CaMK-II - 5/19/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II, delta isoform 
3  Camk2d 52kDa 73 8 23.6 15.96 
Calcium/calmodulin-dependent protein kinase II gamma 
isoform 1 Camk2g 60kDa 62 9 18.2 10.81 
Tubulin, alpha 4  Tuba4 50kDa 37 14 31 5.79 
Tubulin, beta 5  Tubb5 55kDa 15 4 45.3 5.78 
Tropomodulin 3  Tomod3 45kDa 31 11 37.2 4.9 
Calcium/calmodulin-dependent protein kinase II, beta  Camk2b 53kDa 1 1 11.1 4.61 
Tubulin, beta 2c  Tubb2c 50kDa 6 4 46.7 3.41 
similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1 NA 26kDa 17 5 13.9 3.12 
Similar to immunoglobulin kappa chain Igk 14kDa 13 1 9.9 2.47 
Actin, beta, cytoplasmic Actb 43kDa 15 4 21.1 2.38 
Flightless I homolog  Flii 145Da 8 4 5.2 1.55 
Heat shock protein 8 Hspa8 71kDa 8 2 3.7 1.54 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 6 3 10.2 0.74 
X-linked lymphocyte-regulated 3B Xlr3b 26kDa 4 2 5.4 0.64 
Leucine rich repeat (in FLII) interacting protein 1 isoform 3  Lrrfip1 85kDa 3 1 7.5 0.6 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip 2 82kDa 3 2 7.8 0.44 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1 Lrrfip1 85kDa 2 1 6.9 0.41 
Neurofilament 3, medium Nef3 96kDa 2 1 2 0.38 
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B.  FLAG δe WT CaMK-II - 6/20/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 
1  Camk2g 60kDa 36 11 21.8 11.37 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3 Camk2d 52kDa 34 13 34.7 10.77 
tropomodulin 3  Tomod3 45kDa 18 10 33 4.9 
Tubulin, alpha 1B Tuba1b 50kDa 24 16 36.4 4.88 
Tubulin, beta 2c  Tubb2c 50kDa 6 3 51.9 3.52 
Tubulin, beta 5  Tubb5 55kDa 6 4 53.8 3.39 
Vimentin  Vim 57kDa 14 10 28.3 3.28 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1  NA 26kDa 11 5 13.9 3.07 
Flightless I homolog Flii 145kDa 10 6 6.9 2.97 
Heat shock protein 8  Hspa8 71kDa 10 8 17.2 2.91 
Tubulin, alpha 4 Tuba4 50kDa 1 1 26.8 2.13 
Actin, beta, cytoplasmic Actb 43kDa 11 8 28 1.65 
Actin, alpha, cardiac Acta 37kDa 2 1 19.4 1.62 
Similar to immunoglobulin kappa chain  Igk 14kDa 5 2 9.9 1.23 
Leucine rich repeat (in FLII) interacting protein 2  Lrrfip2 82kDa 4 3 11.2 1.21 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1 Lrrfip1 85kDa 4 2 6.9 1.19 
Eukaryotic translation elongation factor 1 alpha 1  Eef1a1 50kDa 5 3 10.2 1.09 
Crystallin, alpha B Cryab 20kDa 4 2 10.9 0.8 
Heterogeneous nuclear ribonucleoprotein F  Hrnrpf 46kDa 2 2 7.2 0.55 
Albumin Alb 23kDa 1 1 2.1 0.3 
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C.  FLAG δe WT CaMK-II - 6/16/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 96 14 21.8 14.73 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3 Camk2d 52kDa 73 9 30.1 12.59 
Tubulin, alpha 1 Tuba1 50kDa 68 19 46.8 9.36 
Tubulin, beta 5 Tubb5 55kDa 22 5 47.5 5.75 
Tubulin, beta 2c Tubb2c 50kDa 19 5 45.6 4.92 
Tropomodulin 3  Tomod3 45kDa 33 9 34.7 4.48 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1  NA 26kDa 28 7 13.9 4.18 
Similar to immunoglobulin kappa chain  Igk 14kDa 20 1 9.9 2.93 
Tubulin, beta 3 Tubb3 50kDa 1 1 28.2 1.91 
Solute carrier family 25, member 5 Scl25a5 33kDa 15 4 14.8 1.83 
Actin, beta, cytoplasmic Actb 43kDa 23 5 17.9 1.73 
Vimentin  Vim 57kDa 15 4 13.1 1.66 
Actin, alpha, cardiac Acta 37kDa 2 1 17.2 1.46 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 7 2 7.6 0.93 
Albumin  Alb 23kDa 5 1 2.1 0.77 
Flightless I homolog  Flii 145kDa 3 2 2.9 0.47 
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D.  FLAG δe WT CaMK-II - 6/19/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 74 14 35.1 16.51 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 44 8 20 13.11 
Tubulin, alpha 1  Tuba1 50kDa 33 19 51.4 6.72 
Heat shock protein 8 Hspa8 71kDa 29 18 34.5 5.65 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1  NA 26kDa 24 9 13.9 4.73 
Calcium/calmodulin-dependent protein kinase II, beta Camk2b 53kDa 2 1 12.7 4.46 
Flightless I homolog  Flii 145kDa 20 11 13.6 3.93 
Tubulin, beta 5  Tubb5 55kDa 10 6 55 3.84 
Similar to immunoglobulin kappa chain Igk 14kDa 19 1 9.9 3.68 
Vimentin  Vim 57kDa 22 13 42.5 3.65 
Tubulin, beta 2c  Tubb2c 50kDa 7 4 51.7 3.34 
Tropomodulin 3 Tomod3 45kDa 11 8 37.5 2.26 
Solute carrier family 25, member 5  Slc25a5 33kDa 9 5 21.5 1.61 
SWI/SNF related, matrix associated, actin dependent regulator of 
chromatin, subfamily e, member 1 Smarce1 47kDa 7 1 4.4 1.09 
Actin, beta, cytoplasmic Actb 43kDa 5 4 37.6 1.05 
Actin, alpha, cardiac  Acta 37kDa 3 2 19.4 1.04 
Tubulin, beta 6  Tubb6 50kDa 1 1 18.8 0.99 
Eukaryotic translation elongation factor 1 alpha 1  Eef1a1 50kDa 3 2 5 0.63 
Leucine rich repeat (in FLII) interacting protein 2  Lrrfip2 82kDa 3 2 7.8 0.53 
Heterogeneous nuclear ribonucleoprotein F Hrnrpf 46kDa 2 1 4.1 0.42 
Similar to Solute carrier family 25, member 3  Slc25a3 52kDa 2 1 3.4 0.42 
Albumin Alb 23kDa 2 1 2.1 0.41 
Similar to trypsinogen 4 NA 26kDa 2 1 8.1 0.41 
Crystallin, alpha B  Cryab 20kDa 2 2 26.9 0.35 
X-linked lymphocyte-regulated 3B Xlr3b 26kDa 2 1 5.4 0.34 
Similar to Igh-1a protein Igh1a 40kDa 1 1 11.5 0.21 
Hypothetical protein isoform 2 NA 73kDa 1 1 12.1 0.21 
Solute carrier family 25, member 4 Slc25a4 33kDa 1 1 13.1 0.09 
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E.  FLAG δe T287D CaMK-II – 5/20/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 29 8 23.6 13.37 
Tubulin, beta 5  Tubb5 55kDa 11 3 38.1 9.57 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 19 6 18.2 9.1 
Similar to Tubulin, beta 4  Tubb4 47kDa 9 2 35.8 8.54 
Tropomodulin 3 Tromod3 45kDa 22 7 32.7 8.09 
Actin, beta, cytoplasmic Actb 43kDa 13 4 14.9 4.3 
Heat shock protein 8 Hspa8 71kDa 6 3 6 2.31 
Protease, serine, 1 Prss1 26kDa 4 2 8.1 1.26 
Flightless I homolog  Flii 145kDa 3 1 0.9 1.15 
Eukaryotic translation elongation factor 1 alpha 1  Eef1a1 50kDa 2 1 5.2 0.77 
Similar to immunoglobulin kappa chain Igk 14kDa 2 1 9.9 0.77 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip2 82kDa 1 1 3.2 0.39 
Tubulin, beta 5  Tubb5 55kDa 11 3 38.1 9.57 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 19 6 18.2 9.1 
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F.  FLAG δe T287D CaMK-II – 6/20/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Tropomodulin 3 Tomod3 45kDa 15 11 36.1 9.29 
Tubulin, beta 2c  Tubb2c 50kDa 7 6 47.6 8.47 
Tubulin, beta 5  Tubb5 55kDa 6 4 49.5 8.34 
Heat shock protein 8  Hspa8 71kDa 12 8 15.5 7.38 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 8 7 25.9 6.25 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1 Camk2g 60kDa 9 8 18.2 6 
Flightless I homolog Flii 145kDa 7 6 7.6 3.46 
Actin, beta, cytoplasmic Actb 43kDa 7 5 28.5 3.14 
Actin, alpha, cardiac  Acta 37kDa 3 2 14.4 2.52 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip2 82kDa 3 2 6.8 2.04 
Tubulin, beta 3  Tubb3 50kDa 1 1 28.2 1.77 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 3 2 7.6 1.66 
Heat shock protein 1 Hspa1 23kDa 2 2 12.4 1.36 
Similar to immunoglobulin kappa chain Igk 14kDa 1 1 9.9 0.68 
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G.  FLAG δe T287D CaMK-II – 6/16/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Tropomodulin 3 Tomod3 45kDa 68 15 40.6 6.83 
Flightless I homolog Flii 145kDa 46 13 16.8 5.14 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1 NA 26kDa 50 8 13.9 5.14 
Vimentin Vim 57kDa 53 17 34.8 4.67 
Tubulin, beta 2c  Tubb2c 50kDa 25 5 54.6 4.66 
Tubulin, beta 5 Tubb5 55kDa 19 5 59.9 4.47 
Similar to immunoglobulin kappa chain  Igk 14kDa 40 1 9.9 4.25 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 38 9 18.2 3.98 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 25 5 20.5 3.44 
Actin, beta, cytoplasmic  Actb 43kDa 32 9 45.9 3.06 
Leucine rich repeat (in FLII) interacting protein 2  Lrrfip2 82kDa 15 4 19 1.7 
Actin, alpha, cardiac  Acta 37kDa 4 1 19.4 1.65 
Solute carrier family 25, member 5  Slc25a5 33kDa 19 4 14.8 1.6 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1 Lrrfip1 85kDa 6 4 15.6 0.87 
Leucine rich repeat (in FLII) interacting protein 1 isoform 3 Lrrfip1 85kDa 5 1 7.5 0.86 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 9 2 7.6 0.85 
Albumin  Alb 23kDa 6 1 2.1 0.69 
Protease, serine, 1 Prss1 26kDa 7 2 8.1 0.63 
Ribosomal protein S27a  Rps27a 18kDa 5 1 20.8 0.52 
Histone deacetylase 6  Hdac6 126kDa 4 1 2.3 0.45 
Similar to Igh-1a protein  Igh1a 40kDa 6 1 11.5 0.35 
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H.  FLAG δe T287D CaMK-II – 6/19/2008 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Heat shock protein 8 Hspa8 71kDa 31 17 32.8 5.96 
Vimentin Vim 57kDa 31 17 45.5 5.62 
Tubulin, alpha 1 Tuba1 50kDa 30 17 44.8 5.6 
Flightless I homolog Flii 145kDa 30 21 23.4 5.24 
Similar to immunoglobulin kappa chain  Igk 14kDa 25 3 30.5 4.94 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A Clinically 
Relevant Melanoma Antigen System isoform 1 NA 26kDa 25 8 13.9 4.57 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3 Camk2d 52kDa 19 8 25.7 4.2 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 21 9 20.4 4.18 
Tropomodulin 3 Tomod3 45kDa 27 14 39.8 4.13 
Tubulin, beta 5 Tubb5 55kDa 9 6 48.9 4.07 
Tubulin, beta 2c Tubb2c 50kDa 5 3 55.1 3.75 
Actin, beta, cytoplasmic Actb 43kDa 15 7 42.4 3.08 
Solute carrier family 25, member 5 Slc25a5 33kDa 12 7 31.9 2.24 
Leucine rich repeat (in FLII) interacting protein 2  Lrrfip2 82kDa 10 6 19 1.92 
Actin, alpha, cardiac  Acta 37kDa 7 5 25.5 1.84 
Tubulin, beta 6 Tubb6 50kDa 2 2 23.5 1.45 
Heat shock protein 1, beta Hspa1b 83kDa 6 5 7.9 1.03 
Serine/threonine kinase 38 Stk38l 54kDa 4 4 11.4 0.77 
Leucine rich repeat (in FLII) interacting protein 1 isoform 3 Lrrfip1 85kDa 2 1 10 0.68 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1  Lrrfip1 85kDa 7 4 10 0.58 
Hypothetical protein  NA   3 2 15.4 0.58 
Protease, serine, 1  Prss1 26kDa 3 2 8.1 0.57 
Heat shock protein 1 Hspa1 83kDa 3 2 34.4 0.51 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 3 2 11.3 0.5 
Myosin, heavy polypeptide 9, non-muscle isoform 1 Myh9 226kDa 3 2 1.6 0.47 
Heterogeneous nuclear ribonucleoprotein F  Hnrnpf 46kDa 2 1 4.1 0.42 
Albumin Alb 23kDa 2 1 2.1 0.41 
Ribosomal protein L4 Rpl4 47kDa 4 3 11.2 0.37 
Similar to Igh-1a protein Igh1a 40kDa 2 1 11.5 0.21 
Crystallin, alpha B Cryab 20kDa 1 1 14.9 0.21 
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I.  FLAG δe K43A CaMK-II – 6/17/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Transformation related protein 53 p53 53kDa 131 26 51.8 10.74 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A Clinically 
Relevant Melanoma Antigen System isoform 1  NA 26kDa 95 9 13.9 7.6 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 79 12 38.9 7.45 
Similar to immunoglobulin kappa chain  Igk 14kDa 69 1 9.9 5.99 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 75 10 26.9 5.77 
Vimentin Vim 57kDa 65 18 44.4 4.82 
Tropomodulin 3 Tomod3 45kDa 55 12 37.8 4.19 
Tubulin, beta 5  Tubb5 55kDa 27 6 54.3 3.51 
Tubulin, alpha 1 Tuba1 50kDa 44 13 41 3.49 
Pyrroline-5-carboxylate synthetase isoform 2  P5cs 80kDa 28 10 19.4 2.19 
Tubulin, beta 2c Tubb2c 50kDa 10 3 35.1 2.15 
Actin, beta, cytoplasmic  Actb 43kDa 23 7 43.7 2.04 
Actin, alpha, cardiac Acta 37kDa 16 5 23.3 1.64 
Flightless I homolog  Flii 145kDa 15 8 11.8 1.02 
Solute carrier family 25, member 5  Slc25a5 33kDa 6 1 26.8 0.84 
Similar to immunoglobulin gamma 2A chain Igg2a 46kDa 10 4 19 0.69 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip2 82kDa 9 3 12.8 0.67 
Similar to solute carrier family 25 (mitochondrial carrier, phosphate 
carrier), member 3 Slc25a3 52kDa 8 2 6.7 0.63 
Myosin, heavy polypeptide 9, non-muscle isoform 1 Myh9 226kDa 11 6 4.8 0.54 
Albumin Alb 23kDa 6 1 2.1 0.54 
Protease, serine, 1  Prss1 26kDa 8 2 8.1 0.47 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 4 1 4.1 0.36 
DEAD (Asp-Glu-Ala-Asp) box polypeptide 21 Ddx21 93kDa 3 2 3.9 0.24 
Similar to Igh-1a protein Igh1a 40kDa 5 1 11.5 0.22 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 1 1 6.1 0.09 
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J.  FLAG δe K43A CaMK-II – 6/19/2008 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Transformation related protein 53 p53 53kDa 46 23 47.4 9.91 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3 Camk2d 52kDa 39 12 28.9 8.96 
similar to Chain L, Structural Basis Of Antigen Mimicry In A Clinically Relevant 
Melanoma Antigen System isoform 1 NA 26kDa 34 9 18.5 6.89 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1 Camk2g 60kDa 31 10 25.1 6.1 
Similar to immunoglobulin kappa chain  Igk 14kDa 22 2 9.9 4.89 
Tubulin, beta 5 Tubb5 55kDa 21 13 45.3 4.4 
Tropomodulin 3  Tomod3 45kDa 19 11 40.3 4.1 
Vimentin Vim 57kDa 18 13 42.3 3.84 
Tubulin, alpha 1 Tuba1 50kDa 13 8 28.8 2.83 
Heat shock protein 8 Hspa8 71kDa 12 8 16.1 2.7 
Solute carrier family 25, member 5 Slc25a5 33kDa 11 7 28.5 2.25 
Actin, beta, cytoplasmic  Actb 43kDa 11 8 51.2 2.14 
Flightless I homolog Flii 145kDa 10 7 9.5 2.1 
Pyrroline-5-carboxylate synthetase isoform 2  P5cs 80kDa 8 5 8.7 1.85 
Actin, alpha, cardiac Acta 37kDa 5 3 17.2 1.48 
Similar to immunoglobulin gamma 2A chain Igg2a 46kDa 7 5 15 1.21 
Myosin, heavy polypeptide 9, non-muscle isoform 1 Myh9 226kDa 5 5 4.5 0.91 
Protease, serine, 1  Prss1 26kDa 3 2 8.1 0.64 
Albumin  Alb 23kDa 2 1 2.1 0.46 
Heterogeneous nuclear ribonucleoprotein F  Hnrnpf 46kDa 2 1 4.1 0.44 
Similar to Igh-1a protein Igh1a 40kDa 2 1 11.5 0.23 
Tu translation elongation factor, mitochondrial  Tufm 49kDa 1 1 3.3 0.23 
Tubulin, beta 6 Tubb6 50kDa 1 1 13.4 0.15 
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K.  FLAG δe K43A CaMK-II – 8/7/2008 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II, delta isoform 
3 Camk2d 52kDa 16 6 22.6 13.39 
Calcium/calmodulin-dependent protein kinase II gamma 
isoform 1 Camk2g 60kDa 16 9 20 12.38 
Transformation related protein 53  p53 53kDa 12 10 38.5 8.24 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1  NA 26kDa 10 5 13.9 6.66 
Tubulin, beta 5 Tubb5 55kDa 8 6 16.4 5.65 
Tropomodulin 3  Tomod3 45kDa 8 5 14.2 5.1 
Tubulin, alpha 1B Tuba1b 50kDa 6 3 11.4 4.34 
Similar to immunoglobulin kappa chain  Igk 14kDa 6 1 9.9 4.23 
Actin, alpha, cardiac  Acta 37kDa 3 2 7.2 2.02 
Eukaryotic translation initiation factor 3, subunit 7 (zeta) Eif37 60kDa 1 1 0.9 0.37 
Similar to Igh-1a protein  Igh1a 40kDa 1 1 11.5 0.37 
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L.  FLAG δe K43A CaMK-II - 8/9/2008 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 304 16 36.2 20.44 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1 Camk2g 60kDa 306 9 27.5 19.09 
Transformation related protein 53 p53 53kDa 211 22 47.4 11.26 
Tropomodulin 3  Tomod3 45kDa 54 8 30.4 2.6 
Tubulin, beta 5  Tubb5 55kDa 46 13 35.6 2.17 
Similar to immunoglobulin kappa chain Igk 14kDa 27 1 9.9 1.71 
Vimentin  Vim 57kDa 41 13 41.2 1.62 
Protease, serine, 1 Prss1 26kDa 33 2 8.1 1.52 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A Clinically 
Relevant Melanoma Antigen System isoform 1  NA 26kDa 23 5 13.9 1.13 
SWI/SNF related, matrix associated, actin dependent regulator of 
chromatin, subfamily e, member 1  Smarce1 47kDa 26 1 4.4 1.12 
Solute carrier family 25, member 5  Slc25a5 33kDa 25 4 18.5 0.96 
Actin, beta, cytoplasmic  Actb 43kDa 12 4 12.8 0.68 
Pyrroline-5-carboxylate synthetase isoform 2  P5cs 80kDa 5 3 4.5 0.17 
Flightless I homolog  Flii 145kDa 2 1 1.1 0.14 
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M.  FLAG δe D137A CaMK-II – 8/2/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides # Unique Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II 
gamma isoform 1  Camk2g 60kDa 149 9 19.4 27.23 
calcium/calmodulin-dependent protein kinase II, 
delta isoform 3 Camk2d 50kDa 123 10 28 23.28 
Tubulin, alpha 1B  Tuba1b 50kDa 20 5 19.6 3.4 
Tubulin, beta 5 Tubb5 55kDa 23 8 26.4 3.03 
Vimentin  Vim 57kDa 16 10 30.5 2.33 
Protease, serine, 1 Prss1 26kDa 15 2 8.1 2.22 
Tropomodulin 3 Tomod3 45kDa 13 3 14.2 2.08 
Actin, beta, cytoplasmic  Actb 43kDa 8 3 14.7 1.49 
Solute carrier family 25, member 5  Slc25a5 33kDa 6 2 7.8 0.5 
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N.  FLAG δe D137A CaMK-II - 9/5/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma 
isoform 1  Camk2g 60kDa 299 9 20 19.49 
Calcium/calmodulin-dependent protein kinase II, delta isoform 
3  Camk2d 52kDa 291 10 31.2 18.91 
Tubulin, beta 5 Tubb5 55kDa 54 6 43.9 6.84 
Tubulin, alpha 1  Tuba1 50kDa 73 7 44.8 6.12 
Flightless I homolog  Flii 145kDa 95 13 16.7 4.82 
Tubulin, beta 2c  Tubb2c 50kDa 14 4 43.8 4.76 
Tropomodulin 3  Tomod3 45kDa 60 7 25.6 2.88 
Tubulin, alpha 4  Tuba4 47kDa 17 4 35 2.79 
Actin, beta, cytoplasmic  Actb 43kDa 59 9 29.1 1.85 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip2 82kDa 22 3 10.2 1.24 
Actin, alpha, cardiac  Acta 37kDa 5 2 27.1 1.23 
Protease, serine, 1 Prss1 26kDa 25 2 8.1 1.1 
Solute carrier family 25, member 5  Slc25a5 33kDa 24 4 15.5 0.88 
Leucine rich repeat (in FLII) interacting protein 1 isoform 3 Lrrfip1 85kDa 7 1 15.7 0.88 
Similar to immunoglobulin kappa chain  Igk 14kDa 11 1 9.9 0.69 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1  Lrrfip1 85kDa 21 5 15.9 0.56 
Vimentin Vim 57kDa 11 6 17 0.41 
X-linked lymphocyte-regulated 3B  Xlr3b 26kDa 9 1 5.4 0.41 
Armadillo repeat containing 3 Armc3 97kDa 9 2 2.4 0.24 
Similar to S100 calcium-binding protein A11  S100a11 17kDa 2 2 12.7 0.08 
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O.  FLAG δe D189A CaMK-II – 10/16/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 
1 Camk2g 60kDa 270 13 21.8 22.99 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 239 15 34.3 20.04 
Tubulin, alpha 1B  Tuba1b 50kDa 82 14 39.9 4.93 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1  NA 26kDa 61 6 13.9 3.54 
Tubulin, beta 5 Tubb5 55kDa 27 4 29.1 3.46 
Tropomodulin 3  Tomod3 45kDa 56 9 32.7 3.32 
Similar to immunoglobulin kappa chain  Igk 14kDa 48 1 9.9 3.05 
Flightless I homolog Flii 145kDa 46 9 7.4 2.68 
Tubulin, beta 2c Tubb2c 50kDa 8 3 30.1 2.12 
Actin, beta, cytoplasmic Actb 43kDa 21 4 22.7 1.41 
Protease, serine, 1 Prss1 26kDa 23 2 8.1 1.19 
Actin, alpha, cardiac  Acta 37kDa 13 4 16.5 0.91 
Leucine rich repeat (in FLII) interacting protein 1 isoform 3  Lrrfip1 85kDa 16 3 10.7 0.73 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip2 82kDa 9 2 11 0.58 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1 Lrrfip1 85kDa 1 1 8.8 0.33 
Hypothetical protein isoform 2 NA 73kDa 4 1 12.1 0.12 
Vimentin Vim 57kDa 3 2 5.2 0.12 
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P.  FLAG δe T287D/K43A CaMK-II – 2/1/2009 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1 Camk2g 60kDa 73 10 18.2 8.45 
Calcium/calmodulin-dependent protein kinase II, delta isoform 3  Camk2d 52kDa 56 10 28.7 7.83 
Vimentin Vim 57kDa 74 17 50 7.38 
Tubulin, alpha 1 Tuba1 50kDa 22 5 49.4 5.27 
Tubulin, alpha 4 Tuba4 50kDa 18 5 49.6 4.85 
Tubulin, beta 5 Tubb5 55kDa 23 8 59.9 4.09 
Tropomodulin 3  Tomod3 45kDa 27 9 34.1 2.82 
Tubulin, beta 2c Tubb2c 50kDa 22 5 57.3 2.78 
Actin, beta, cytoplasmic  Actb 43kDa 21 8 33.9 2.07 
Tubulin, beta 6 Tubb6 50kDa 14 6 37.4 1.96 
Flightless I homolog  Flii 145kDa 19 5 6.2 1.76 
Transformation related protein 53 p53 53kDa 17 7 28.5 1.62 
Eukaryotic translation elongation factor 1 alpha 1  Eef1a1 50kDa 15 6 19.9 1.51 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A Clinically 
Relevant Melanoma Antigen System isoform 1  NA 26kDa 12 2 8 1.39 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1 Lrrfip1 85kDa 6 1 8.4 0.7 
Heterogeneous nuclear ribonucleoprotein M isoform b  Hnrnpmb 74kDa 7 2 5.5 0.69 
Actin, alpha, cardiac Acta 37kDa 7 3 18.3 0.61 
Poly(rC) binding protein 2 isoform 1  Pcbp2 37kDa 5 1 6 0.57 
Ribosomal protein L23 Rpl23 15kDa 5 1 23.8 0.56 
Ribosomal protein, large P2  Rplp2 12kDa 5 2 31.3 0.53 
Heterogeneous nuclear ribonucleoprotein F  Hnrnpf 46kDa 6 2 8.2 0.53 
Similar to heterogeneous nuclear ribonucleoprotein K Hnrnpk 22kDa 5 1 8.7 0.53 
Eukaryotic translation initiation factor 4A1 Eif4a1 45kDa 6 3 10.8 0.48 
Protease, serine, 1  Prss1 26kDa 5 1 8.1 0.48 
Crystallin, alpha B Cryab 20kDa 4 1 7.4 0.46 
Similar to ribosomal protein S8  Rps8 26kDa 4 1 7.2 0.44 
Leucine rich repeat (in FLII) interacting protein 2  Lrrfip2 83kDa 4 2 8 0.37 
Cold shock domain protein A short isoform Csda 31kDa 4 3 17.8 0.35 
Similar to acidic ribosomal phosphoprotein P1 isoform 1 Mdm2 11kDa 4 1 14 0.35 
Poly A binding protein, cytoplasmic 1  Pabpc1 71kDa 3 2 5 0.34 
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P.  FLAG δe T287D/K43A CaMK-II – 2/1/2009 (continued from previous page) 
Protein Name 
Gene 
Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Similar to immunoglobulin kappa chain  Igk 14kDa 3 1 9.9 0.31 
Ribosomal protein S27a  Rps27a 18kDa 4 2 22.4 0.3 
Similar to Mus musculus ribosomal protein L19 Rpl19 23kDa 3 1 8.7 0.3 
Killer cell lectin-like receptor, subfamily A, member 16  Klra16 30kDa 3 1 5.3 0.27 
SWI/SNF related, matrix associated, actin dependent regulator of 
chromatin, subfamily e, member 1 Smarce1 47kDa 3 1 4.4 0.25 
Ribosomal protein L5  Rpl5 34kDa 3 3 16.5 0.24 
Ribosomal protein L4 Rpl4 47kDa 2 1 9.8 0.24 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 2 1 7.6 0.24 
Ribosomal protein L8 Rpl8 28kDa 2 1 6.2 0.23 
Ribosomal protein S4, X-linked  Rps4 29kDa 3 2 12.9 0.22 
Cell division cycle 37 homolog Cdc37 44kDa 2 1 5.5 0.22 
Albumin Alb 23kDa 2 1 2.1 0.2 
Neuronal apoptosis inhibitory protein 5  Naip5 160kDa 2 1 1.3 0.19 
Histone cluster 2, H2aa1 H2aa1 14kDa 3 1 14.8 0.13 
Plectin 1 isoform 1 Plec1 520kDa 2 2 0.8 0.13 
Ribosomal protein S3 Rps3 27kDa 1 1 5.8 0.12 
Ribosomal protein L18 Rpl18 22kDa 1 1 6.9 0.12 
HLA-B-associated transcript 3 Bat3 120kDa 1 1 1.6 0.12 
Similar to nuclear pore-targeting complex component of 58 kDa isoform 1 NA 58kDa 1 1 3.4 0.12 
Carbamoyl-phosphate synthetase 2, aspartate transcarbamylase, and 
dihydroorotase Cad 243kDa 2 2 1.5 0.12 
EGF-like-domain, multiple 9 Megf9 45kDa 1 1 4.5 0.11 
Transcriptional regulating factor 1 isoform 1  Trerf1 135kDa 1 1 2.4 0.11 
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Q.  FLAG δe K43G CaMK-II – 6/9/2009 
Protein Name 
Gene 
Symbol Mr (kDa) 
# 
Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Similar to Chain L, Structural Basis Of Antigen Mimicry In A 
Clinically Relevant Melanoma Antigen System isoform 1  NA 26kDa 210 7 13.9 9.06 
Calcium/calmodulin-dependent protein kinase II, delta isoform 1 Camk2d 52kDa 104 12 37.3 5.64 
Calcium/calmodulin-dependent protein kinase II gamma isoform 1  Camk2g 60kDa 68 8 32.8 4.45 
Tropomodulin 3 Tomod3 45kDa 100 14 36.1 4.12 
Similar to immunoglobulin kappa chain NA 14kDa 87 2 30.5 3.56 
Flightless I homolog  Flii 145Da 57 16 22 2.36 
Calcium/calmodulin-dependent protein kinase II, beta Camk2b 60kDa 6 2 20.3 1.65 
Protease, serine, 1  Prss1 26kDa 39 2 8.1 
1.49 
 
Similar to immunoglobulin alpha-chain NA 15kDa 33 3 23.7 1.42 
D10Ertd802e protein Scyl 103kDa 30 8 15.8 1.3 
Keratin complex 2, basic, gene 1  Krt1 65kDa 24 4 7.5 1.11 
Similar to pol protein  NA 18kDa 29 1 13.8 1.09 
Leucine rich repeat (in FLII) interacting protein 1 isoform 1 Lrrfip1 85kDa 20 5 21.5 1.05 
Actin, beta, cytoplasmic Actg1 42kDa 27 7 30.1 1.03 
Vimentin  Vim 57kDa 22 6 20.2 0.96 
Keratin 72 Krt72 57kDa 28 1 2.3 0.94 
Actin, alpha, cardiac Acta 37kDa 18 3 19.6 0.82 
Keratin Kb40 Krt78 112kDa 24 2 4.2 0.73 
T-complex protein 10c Tcp10c 49kDa 42 2 7.2 0.66 
Leucine rich repeat (in FLII) interacting protein 1 isoform 3  Lrrfip1 85kDa 16 4 20.3 0.56 
Similar to [Human Ig rearranged gamma chain mRNA, V-J-C 
region and complete cds.], gene product NA 26kDa 26 2 16.1 0.55 
Serine/threonine kinase 38  Stk38 54kDa 12 4 10.1 0.55 
Tubulin, alpha 1B  Tuba1b 50kDa 12 8 31.4 0.54 
Tubulin, beta 5  Tubb5 55kDa 17 6 28.2 0.52 
Heat shock protein 8 Hspa8 71kDa 9 5 13.6 0.37 
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Q.  FLAG δe K43G CaMK-II – 6/9/2009 (continued from previous page) 
Protein Name 
Gene 
Symbol Mr (kDa) 
# 
Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Furry homolog-like isoform 1 Fryl 338kDa 11 5 5.8 0.31 
Albumin Alb 23kDa 6 1 2.1 0.3 
Leucine rich repeat (in FLII) interacting protein 2 Lrrfip 2 82kDa 7 4 16.8 0.29 
Expressed sequence AW125753 Fam84a 33kDa 16 1 8.9 0.27 
Similar to immunoglobulin gamma 2A chain Ighg 46kDa 5 1 12.1 0.26 
Eukaryotic translation elongation factor 1 alpha 1  Eef1a1 50kDa 6 2 7.8 0.24 
Transmembrane protein 130 Tmem130 46kDa 14 1 6 0.23 
Major vault protein Mvp 97kDa 4 2 3.7 0.2 
Similar to desmoplakin  Dsp 317kDa 4 3 3.2 0.18 
Hairless protein Hr 127kDa 6 1 2.5 0.18 
Plasma membrane calcium ATPase 4 Atp2b4 133kDa 6 1 3.6 0.16 
Tesp4 protein NA  26kDa 7 2 8.1 0.16 
Titin isoform N2-A  Ttn 3716kDa 4 3 0.4 0.15 
UHRF1 (ICBP90) binding protein 1-like Uhrf1bp1ll 162kDa 3 1 2.7 0.14 
Similar to hCG40738 Tet3 185kDa 10 1 1.2 0.14 
Transformation related protein 53 p53 53kDa 4 3 14.6 0.12 
Zinc finger, matrin type 1  Zmat1 76kDa 3 1 4.5 0.11 
Junction plakoglobin Jup 82kDa 2 2 5.1 0.1 
Hypothetical protein LOC213673 NA  28kDa 3 2 7.3 0.1 
Polydom precursor Svep1 2kDa 3 3 2.7 0.09 
Hypothetical protein LOC71955  NA  39kDa 2 1 7.5 0.09 
Zinc finger, CCHC domain containing 11 Zcchc11 185kDa 3 1 1 0.08 
Preferentially expressed antigen in melanoma-like 3 Pramel3 53kDa 3 2 13 0.06 
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Q.  FLAG δe K43G CaMK-II – 6/9/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Transducer of ERBB2, 2 Tob2 37kDa 1 1 9.3 0.05 
Netrin 4 Ntn4 70kDa 1 1 4 0.05 
Mesoderm development candidate 1 Mesdc1 38kDa 1 1 6.6 0.05 
Similar to zinc finger protein 758 LOC628205 58kDa 1 1 4.2 0.05 
Kalirin, RhoGEF kinase Kalrn 34kDa 1 1 1 0.05 
THUMP domain containing 2 isoform 3 Thumpd2 58kDa 1 1 4.7 0.05 
Component of oligomeric golgi complex 1 Cog1 109kDa 1 1 3 0.05 
Bardet-Biedl syndrome 7 Bbs7 80kDa 1 1 3.4 0.05 
Excision repair cross-complementing rodent repair 
deficiency, complementation group 3 Ercc3 89kDa 1 1 2.8 0.05 
CAP-binding protein complex interacting protein 1 Efcab6  176kDa 1 1 1.6 0.05 
SH3/ankyrin domain gene 3 Shank3 185kDa 1 1 2 0.05 
Hypothetical protein LOC619310 Zfp872 54kDa 1 1 6.9 0.05 
Filamin, alpha Flna 280kDa 1 1 0.9 0.05 
Ribosomal protein S27a Rps27a 18kDa 2 1 20.8 0.05 
Histone cluster 2, H2aa1 Hist2h2aa1 14kDa 3 1 14.8 0.04 
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A.  FLAG δe WT CaMK-II – 11/14/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum 
I.D. 
Calcium/calmodulin-dependent protein kinase II delta isoform 3  Camk2d 52kDa 894 18 34.3 22.13 
Calcium/calmodulin-dependent protein kinase II gamma  Camk2g 60kDa 737 16 21.6 18.77 
Beta globin Hbb 16kDa 218 14 70.1 4.24 
Tubulin, beta Tubb 49kDa 81 8 67.6 3.73 
Tubulin alpha 6  Tuba6 50kDa 90 8 51 3.61 
Alpha 2 globin Hba2 15kDa 139 13 64.1 2.68 
Tubulin, alpha 4a Tuba4a 50kDa 48 5 48.9 2.57 
Tubulin, beta, 2 Tubb2c 50kDa 32 5 63.1 2.45 
Tubulin, beta 2B Tubb2b 50kDa 6 1 49.4 1.88 
Delta globin Hbd 16kDa 8 1 53.1 1.25 
Similar to hCG2042722 NA 16kDa 65 2 9 1.24 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 64 9 24.9 1.21 
Solute carrier family 25, member 5 Scl25a5 33kDa 43 8 29.5 0.88 
Albumin preproprotein  Alb 67kDa 44 11 19 0.76 
Transducin-like enhancer protein 3 isoform a  Tle3 83kDa 36 9 16.8 0.53 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 32 4 11.3 0.46 
Solute carrier family 25, member A6 Scl25a6 33kDa 5 2 22.8 0.38 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 24 4 12.8 0.37 
Sodium channel, voltage-gated, type I, alpha  Scn1a 228kDa 38 2 0.6 0.32 
Nucleophosmin 1 isoform 1 Npm1 32kDa 17 3 18.9 0.3 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpk 51kDa 15 3 13.6 0.28 
Transducin-like enhancer protein 1 Tle1 83kDa 3 2 6.4 0.23 
WD repeat domain 77 Wdr77 37kDa 11 2 8.5 0.2 
Carbamoylphosphate synthetase 2/aspartate 
transcarbamylase/dihydroorotase  Cad 24kDa 14 8 4.6 0.2 
RuvB-like 2 Ruvbl2 51kDa 7 2 5.2 0.12 
Phosphoglycerate dehydrogenase Phgdh 57kDa 5 3 7.7 0.09 
Guanine nucleotide binding protein (G protein), beta polypeptide 2-like 
1 Gnb2l1 35kDa 4 4 24.3 0.08 
Heterogeneous nuclear ribonucleoprotein M isoform a  Hnrnpm 80kDa 5 2 4.9 0.08 
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A.  FLAG δe WT CaMK-II – 11/14/2008 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
RuvB-like 1 Ruvbl1 50kDa 5 3 9.6 0.06 
Titin isoform novex-1 Ttn 301kDa 5 2 0.2 0.06 
TTK protein kinase Ttk 25kDa 3 2 2.8 0.05 
Heterogeneous nuclear ribonucleoprotein C isoform a  HnrnpC 34kDa 3 2 9.2 0.05 
Solute carrier family 25, member 13 (citrin) Scl25a13 74kDa 2 2 5 0.04 
Insulin receptor substrate 4 Irs4 134kDa 4 3 4.5 0.04 
Reticulocalbin 2, EF-hand calcium binding domain Rcn2 41kDa 2 2 8.5 0.03 
Ribosomal protein L11 Rpl11 20kDa 1 1 7.9 0.02 
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B.  FLAG δe T287D CaMK-II – 11/14/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 4  Camk2g 60kDa 318 12 21.8 11.38 
Calcium/calmodulin-dependent protein kinase II delta isoform 3 Camk2d 52kDa 290 15 30.5 10.47 
Tubulin, beta Tubb 49kDa 74 8 67.6 4.51 
Tubulin, alpha, ubiquitous Tuba1b 50kDa 65 8 56.1 4.44 
Similar to hCG2042722 NA 16kDa 133 2 9 3.85 
Tubulin alpha 6  Tuba6 50kDa 14 3 56.1 3.42 
Tubulin, beta, 2 Tubb2c 50kDa 27 4 53.3 2.89 
Tubulin, beta 2B Tubb2b 50kDa 4 2 45.6 2.08 
Solute carrier family 25, member 5 Scl25a5 33kDa 59 8 29.5 1.55 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 56 9 30.1 1.45 
Solute carrier family 25, member A6 Scl25a6 33kDa 14 2 26.5 0.68 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 26 6 18.8 0.6 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 21 3 10.6 0.49 
WD repeat domain 77 Wdr77 37kDa 16 2 8.5 0.44 
Protein arginine methyltransferase 5 isoform a Prmt5 73kDa 22 7 13 0.42 
Ubiquitin B precursor  Ubb 26kDa 18 2 32.8 0.42 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpk 51kDa 10 3 11.7 0.28 
Phosphoglycerate dehydrogenase Phgdh 57kDa 15 5 17.6 0.28 
DnaJ (Hsp40) homolog, subfamily A, member 1 Dnajb1 38kDa 10 3 12.3 0.27 
RuvB-like 1 Ruvbl1 50kDa 9 4 12.5 0.24 
Albumin preproprotein Alb 67kDa 11 3 9 0.2 
Dermcidin preproprotein Dcd 9kDa 9 2 25.5 0.2 
BCL2-associated athanogene 2  Bag2 24kDa 6 1 13.3 0.2 
Heterogeneous nuclear ribonucleoprotein C isoform a  HnrnpC 34kDa 9 3 13.3 0.18 
Similar to ubiquitin NA 18kDa 3 1 16 0.18 
HLA-B associated transcript-3 isoform a  Bat3 119kDa 8 3 4.2 0.17 
Valosin-containing protein Vcp 89kDa 7 3 10.8 0.17 
Vimentin Vim 57kDa 8 2 8.2 0.17 
RuvB-like 2 Ruvbl2 51kDa 7 2 8.6 0.16 
Insulin receptor substrate 4 Irs4 134kDa 6 3 3.3 0.11 
Insulin receptor isoform Long precursor Insr 24kDa 7 2 2.5 0.1 
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B.  FLAG δe T287D CaMK-II – 11/14/2008 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Heterogeneous nuclear ribonucleoprotein M isoform a Hnrnpm 80kDa 3 2 12.3 0.09 
Nucleophosmin 1 isoform 1  Npm1 32kDa 4 3 18.9 0.08 
Guanine nucleotide binding protein (G protein), beta polypeptide 2-like 
1 Gnb2l1 35kDa 2 2 11.4 0.06 
Similar to hCG2012694  NA  194kDa 4 2 1.7 0.06 
Damage-specific DNA binding protein 1 Ddb1 127kDa 2 2 2 0.05 
Similar to 40S ribosomal protein SA (p40) (34/67 kDa laminin 
receptor) (Colon carcinoma laminin-binding protein) (NEM/1CHD4) 
(Multidrug resistance-associated protein MGr1-Ag) isoform 2 Rpsap12 33kDa 3 1 23.1 0.05 
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C.  FLAG δe K43A CaMK-II – 9/5/2008 
Protein Name 
Gene 
Symbol Mr (kDa) 
# 
Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II delta isoform 3 Camk2d 52kDa 382 12 34.3 19.47 
Calcium/calmodulin-dependent protein kinase II gamma isoform 4 Camk2g 60kDa 345 8 20 16.6 
Tubulin, alpha, ubiquitous Tuba1b 50kDa 186 21 46.8 8.18 
Similar to hCG2042722 NA 16kDa 157 1 9 7.21 
Tubulin, beta Tubb 49kDa 68 8 59.9 6.78 
Calcium/calmodulin-dependent protein kinase IIB isoform 1 Camk2b 53kDa 117 5 15.9 5.95 
Tubulin, beta, 2 Tubb2c 50kDa 13 4 45.8 4.52 
Solute carrier family 25, member 5  Scl25a5 33kDa 33 5 18.1 1.17 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 30 7 21.6 1.05 
SWI/SNF-related matrix-associated actin-dependent regulator of chromatin e1 Smarce1 47kDa 23 1 4.4 0.82 
Transducin-like enhancer protein 3 isoform a Tle3 83kDa 19 4 7 0.7 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 18 3 10.6 0.63 
Guanine nucleotide binding protein (G protein), beta polypeptide 2-like 1 Gnb2l1 35kDa 13 3 12.6 0.49 
Ribosomal protein L24 Rpl24 18kDa 9 2 13.4 0.35 
Tumor protein p53 isoform a  Tp53 44kDa 9 1 7.3 0.32 
Nucleophosmin 1 isoform 1 Npm1 32kDa 8 2 18.9 0.29 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpk 51kDa 6 2 7.6 0.28 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 6 3 7.6 0.27 
Pyrroline-5-carboxylate synthetase isoform 1 Aldh18a1 87kDa 7 3 4.7 0.25 
Ribosomal protein S3 Rps3 27kDa 8 3 12.8 0.21 
Similar to ribosomal protein S10 Rps10p29 20kDa 6 1 5.5 0.21 
Copine II Cpne2 61kDa 6 1 2.6 0.18 
Similar to hCG1736317 NA 26kDa 7 1 5.5 0.16 
Similar to 40S ribosomal protein SA (p40) (34/67 kDa laminin receptor) (Colon 
carcinoma laminin-binding protein) (NEM/1CHD4) (Multidrug resistance-
associated protein MGr1-Ag) isoform 1 Rpsap12 33kDa 6 1 13.9 0.15 
Ribosomal protein S20 Rps20 13kDa 5 2 10.1 0.14 
Heterogeneous nuclear ribonucleoprotein C isoform a  HnrnpC 34kDa 4 1 3.8 0.14 
WD repeat domain 77 Wdr77 37kDa 3 2 8.5 0.12 
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C.  FLAG δe K43A CaMK-II – 9/5/2008 (continued from previous page) 
Protein Name 
Gene 
Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Minichromosome maintenance complex component 8 isoform 1 Mcm8 94kDa 6 2 1.9 0.12 
Similar to 60S acidic ribosomal protein P1 NA  7kDa 4 1 14 0.12 
Phosphoglycerate dehydrogenase Phgdh 57kDa 3 1 2.1 0.11 
Ribosomal protein S8  Rps8 24kDa 2 2 12 0.1 
Ribosomal protein S4, X-linked X isoform Rpsx4 29kDa 2 1 3.4 0.09 
Vimentin  Vim 57kDa 5 2 8.6 0.08 
Similar to ribosomal protein L10  Rpl10p15 9kDa 2 1 11 0.07 
Heterogeneous nuclear ribonucleoprotein A1 isoform b Hnrnpa1 39kDa 2 1 3.3 0.07 
Ribosomal protein L14 Rpl14 23kDa 1 1 5.6 0.05 
Hypothetical protein LOC158405  Kiaa1958 79kDa 1 1 2.5 0.05 
Protein arginine methyltransferase 5 isoform a Prmt5 73kDa 1 1 1.6 0.05 
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D. FLAG δe D137A CaMK-II – 9/5/2008 
Protein Name 
Gene 
Symbol Mr (kDa) 
# 
Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
Calcium/calmodulin-dependent protein kinase II delta isoform 3 Camk2d 52kDa 737 15 36.2 25 
Calcium/calmodulin-dependent protein kinase II gamma isoform 4 Camk2g 60kDa 633 14 23.4 19.97 
Tubulin, beta Tubb 49kDa 107 11 67.6 6.5 
Tubulin, alpha, ubiquitous Tuba1b 50kDa 61 5 51.4 5.84 
Tubulin, beta, 2 Tubb2c 50kDa 30 4 53.3 4.25 
Tubulin alpha 6 Tuba6 50kDa 6 2 46.3 4.17 
Tubulin, beta 6 Tubb6 50kDa 1 1 13.2 1.34 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 46 7 19.4 1.22 
Solute carrier family 25, member 5 Scl25a5 33kDa 40 6 26.2 0.97 
Solute carrier family 25, member A6 Scl25a6 33kDa 14 1 17.4 0.62 
Transducin-like enhancer protein 3 isoform a Tle3 83kDa 16 6 13.6 0.61 
Heterogeneous nuclear ribonucleoprotein F  Hnrnpf 46kDa 22 4 11.3 0.48 
Transducin-like enhancer protein 1 Tle1 83kDa 7 2 7.4 0.41 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpk 51kDa 14 2 10.8 0.4 
TSC22 domain family, member 2 Tsc22d2 79kDa 15 1 2.6 0.27 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 9 2 5 0.23 
Similar to hCG2042722 NA 16kDa 6 1 9 0.18 
Protein arginine methyltransferase 5 isoform a  Prmt5 73kDa 9 3 6.3 0.15 
Reticulocalbin 2, EF-hand calcium binding domain Rcn2 41kDa 4 1 4.7 0.13 
Vimentin Vim 57kDa 6 4 10.7 0.12 
Albumin preproprotein Alb 67kDa 4 2 5.6 0.12 
WD repeat domain 77 Wdr77 37kDa 7 3 8.5 0.12 
Carbamoylphosphate synthetase 2/aspartate transcarbamylase/dihydroorotase Cad 24kDa 6 4 4.4 0.11 
Phosphoglycerate dehydrogenase Phgdh 57kDa 7 2 3.8 0.1 
RuvB-like 1  Ruvbl1 50kDa 3 2 5.5 0.07 
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E.  FLAG δe D189A CaMK-II – 10/16/2008 
Protein Name 
Gene 
Symbol Mr (kDa) 
# 
Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 4 Camk2g 60kDa 496 11 27.3 27.28 
Calcium/calmodulin-dependent protein kinase II delta isoform 3  Camk2d 52kDa 483 13 32 27.17 
Tubulin, beta Tubb 49kDa 84 9 67.1 6.9 
Similar to hCG2042722 NA 16kDa 128 1 9 5.37 
Tubulin, alpha, ubiquitous Tuba1b 50kDa 34 4 46.8 5.33 
Tubulin, beta, 2 Tubb2c 50kDa 18 2 53 4.53 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 34 7 20.7 0.99 
Albumin preproprotein Alb 67kDa 20 3 3.6 0.71 
Solute carrier family 25, member 5 Scl25a5 33kDa 20 3 14.8 0.68 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 15 3 8.2 0.35 
Transducin-like enhancer protein 3 isoform a Tle3 83kDa 10 3 4.9 0.33 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpk 51kDa 4 1 5 0.18 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 3 2 7.6 0.11 
WD repeat domain 77 Wdr77 37kDa 3 2 8.5 0.1 
RuvB-like 1 Ruvbl1 50kDa 2 2 6.1 0.07 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 98
F.  FLAG δe T287D/K43A CaMK-II – 2/1/2009 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase II gamma isoform 4  Camk2g 60kDa 125 14 20.6 8.63 
Calcium/calmodulin-dependent protein kinase II delta isoform 3 Camk2d 52kDa 68 12 28.2 6.03 
Tubulin, beta Tubb 49kDa 25 6 64.2 4.53 
Tubulin, alpha 4a Tuba4a 50kDa 23 8 46.9 3.27 
Albumin preproprotein Alb 67kDa 41 15 30.5 2.98 
Tubulin alpha 6 Tuba6 50kDa 15 4 46.3 2.62 
Tubulin, beta 4 Tubb4 49kDa 13 3 53.2 2.59 
Calcium/calmodulin-dependent protein kinase IIB isoform 1  Camk2b 53kDa 33 6 13.7 2.1 
Cell division cycle 37 protein Cdc37 44kDa 30 8 22.5 2.02 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 38 11 37 1.97 
Tubulin, beta, 4 Tubb3 50kDa 4 2 32.7 1.52 
Vimentin Vim 57kDa 18 8 26 1.27 
Heterogeneous nuclear ribonucleoprotein M isoform a Hnrnpm 80kDa 14 5 13.6 1.14 
Reticulocalbin 2, EF-hand calcium binding domain Rcn2 41kDa 16 6 27.1 1.13 
Solute carrier family 25, member 5 Scl25a5 33kDa 14 3 9.1 0.91 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 14 4 15.9 0.82 
Heterogeneous nuclear ribonucleoprotein H2 Hnrnph2 49kDa 19 5 18.7 0.75 
Ribosomal protein S3a Rps3a 30kDa 10 5 26.1 0.64 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpm 80kDa 9 3 12.7 0.63 
Ribosomal protein P2 Rplp2 12kDa 10 3 45.2 0.63 
Reticulocalbin 1 precursor Rcn1 30kDa 8 2 10.6 0.59 
Dermcidin preproprotein Dcd 9kDa 8 2 25.5 0.58 
Ribosomal protein S2 Rps2 31kDa 9 3 17.6 0.54 
Ribosomal protein P1 isoform 1 Rplp1 11kDa 6 1 28.9 0.54 
Similar to hCG2042722 NA 16kDa 6 1 9 0.5 
FK506 binding protein 5 Fkbp5 30kDa 12 6 23.2 0.48 
Valosin-containing protein Vcp 89kDa 8 5 9.9 0.48 
Ribosomal protein SA Rpsa 33kDa 8 4 24.7 0.47 
DEAH (Asp-Glu-Ala-His) box polypeptide 9 Dhx9 141kDa 6 3 5 0.45 
Nucleophosmin 1 isoform 1 Npm1 32kDa 7 3 23.8 0.45 
Ribosomal protein L5 Rpl5 34kDa 6 4 19.5 0.45 
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F.  FLAG δe T287D/K43A CaMK-II – 2/1/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Ribosomal protein S4, X-linked X isoform Rps4x 29kDa 7 2 12.9 0.44 
Ribosomal protein L23 Rpl23 15kDa 6 2 14.3 0.43 
Ribosomal protein S13 Rps13 17kDa 5 2 16.6 0.39 
RuvB-like 2 Ruvbl2 51kDa 6 3 10.6 0.38 
Ribosomal protein S10 Rps10 19kDa 5 2 18.8 0.37 
Kynurenine aminotransferase III isoform 3  Ccbl2 42kDa 5 2 8.2 0.35 
Ribosomal protein L9 Rpl9 22kDa 5 2 17.2 0.35 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 4 2 10.4 0.34 
A kinase (PRKA) anchor protein 8-like Akap8l 72kDa 5 2 8 0.34 
Phosphoglycerate dehydrogenase Phgdh 57kDa 5 3 10.7 0.33 
Ribosomal protein L11 Rpl11 20kDa 4 1 7.9 0.33 
Heterogeneous nuclear ribonucleoprotein C isoform a Hnrnpc 34kDa 5 1 5.5 0.33 
Ribosomal protein S3 Rps3 27kDa 5 2 12.3 0.32 
Ubiquitin B precursor Ubb 26kDa 4 1 21 0.3 
Insulin-like growth factor 2 mRNA binding protein 1 Igf2bp1 63kDa 5 3 8.7 0.29 
HLA-B associated transcript-3 isoform a Bat3 119kDa 4 3 3.9 0.28 
Interleukin enhancer binding factor 3 isoform a Ilf3 95kDa 4 1 2.6 0.27 
Ribosomal protein L12 Rpl12 18kDa 4 1 9.1 0.26 
Ribosomal protein S8 Rps8 24kDa 7 2 13.5 0.25 
Ribosomal protein S5 Rps5 23kDa 4 1 7.4 0.24 
Ribosomal protein L8  Rpl8 28kDa 3 2 16.3 0.23 
Similar to E3 ubiquitin protein ligase, HECT domain containing, 1  NA 309kDa 3 3 2.1 0.2 
RuvB-like 1 Ruvbl1 50kDa 3 2 6.6 0.2 
SERPINE1 mRNA binding protein 1 isoform 1  Serbp1 45kDa 3 2 9.6 0.2 
Insulin receptor substrate 4 Irs4 134kDa 3 3 4.9 0.19 
HECT domain containing 1  Hectd1 289kDa 3 3 2.5 0.19 
Ribosomal protein S6 Rps6 29kDa 7 2 12.4 0.19 
Interleukin enhancer binding factor 2 Ilf2 43kDa 3 2 13.1 0.18 
Transducin-like enhancer protein 3 isoform a Tle3 83kDa 2 2 7.4 0.17 
Ribosomal protein L7  Rpl7 29kDa 2 2 13.4 0.16 
Similar to 40S ribosomal protein S17 NA  15kDa 2 1 16.3 0.16 
   
 100
F.  FLAG δe T287D/K43A CaMK-II – 2/1/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum I.D. 
Splicing factor, arginine/serine-rich 10 Tra2b 34kDa 2 1 5.6 0.16 
Similar to hCG1782414 isoform 1 Rpl21p53 18kDa 2 1 9.4 0.16 
Ribosomal protein S11 Rps11 18kDa 2 1 11.4 0.15 
WD repeat domain 77 Wdr77 37kDa 3 2 9.1 0.14 
Eukaryotic translation elongation factor 2 Eef2 95kDa 3 2 6.1 0.14 
Guanine nucleotide binding protein (G protein), beta polypeptide 2-like 1 Gnb2l1 35kDa 3 2 10.4 0.13 
Ribosomal protein S7 Rps7 21kDa 6 3 19.6 0.12 
Ribosomal protein S21 Rps21 9kDa 2 1 21.7 0.09 
Ribosomal protein S9 Rps9 22kDa 1 1 6.2 0.08 
BolA-like protein 2 Bola2 17kDa 1 1 10.5 0.08 
Isocitrate dehydrogenase 3, beta subunit isoform b precursor Idh3b 3kDa 1 1 7.3 0.08 
Synapse defective 1, Rho GTPase, homolog 2 Syde2 133kDa 1 1 1.5 0.08 
THO complex 4  Thoc4 27kDa 1 1 7 0.08 
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G.  FLAG δe K43G CaMK-II – 6/9/2009  
Protein Name Gene Symbol Mr (kDa) # Peptides # Unique Peptide % Coverage 
% Share of 
Spectrum 
I.D. 
Calcium/calmodulin-dependent protein kinase II delta isoform 3 Camk2d 52kDa 720 26 45.4 22.16 
Calcium/calmodulin-dependent protein kinase II gamma isoform 4 Camk2g 60kDa 448 10 34.5 18.68 
Calcium/calmodulin-dependent protein kinase IIB isoform 1 Camk2b 60kDa 7 1 33.4 5.48 
Tubulin, beta Tubb 49kDa 67 9 66.9 4.86 
Tubulin alpha 6 Tuba6 50kDa 63 8 55.7 3.91 
Tubulin, alpha 4a Tuba4a 50kDa 45 11 43.8 3.39 
Tubulin, beta, 2 Tubb2c 50kDa 21 5 62.9 3.27 
Heat shock 70kDa protein 8 isoform 1 Hspa8 71kDa 91 22 38.2 2.52 
Heat shock protein 90kDa alpha (cytosolic), class A member 1 isoform 1 Hsp90aa1 98kDa 113 18 25.8 2.4 
Heat shock 90kDa protein 1, beta Hsp90ab1 83kDa 92 18 31.2 2.14 
Tubulin, beta, 4 Tubb4 49kDa 7 2 38.2 1.85 
Transducin-like enhancer protein 3 isoform b Tle3 83kDa 41 12 33.7 1.18 
Heterogeneous nuclear ribonucleoprotein H1 Hnrnph1 49kDa 39 7 23.8 0.93 
Similar to hCG2042722 NA 16kDa 30 2 9 0.72 
Protease, serine, 1 preproprotein Prss1 24kDa 21 2 8.1 0.5 
Vimentin Vim 57kDa 17 5 16.1 0.46 
Cell division cycle 37 protein Cdc37 44kDa 16 4 15.9 0.45 
Eukaryotic translation elongation factor 1 alpha 1 Eef1a1 50kDa 18 6 18.2 0.41 
Tumor protein p53 isoform a Tp53 53kDa 13 3 19.2 0.4 
Heat shock 70kDa protein 1B Hspa1b 70kDa 10 6 14.7 0.38 
Heterogeneous nuclear ribonucleoprotein F Hnrnpf 46kDa 17 4 16.4 0.35 
Albumin preproprotein Alb 67kDa 12 2 3.6 0.29 
Transducin-like enhancer protein 4 Tle4 84kDa 8 4 23.2 0.27 
Reticulocalbin 2, EF-hand calcium binding domain Rcn2 35kDa 8 3 27.4 0.26 
Ubiquitin B precursor Ubb 26kDa 11 2 32.8 0.26 
DnaJ (Hsp40) homolog, subfamily A, member 1 Dnaja1 45kDa 8 3 14.9 0.25 
Carbamoylphosphate synthetase 2/aspartate 
transcarbamylase/dihydroorotase Cad 243kDa 9 8 7.5 0.22 
BolA-like protein 2 Bola2 17kDa 7 2 23 0.21 
Heterogeneous nuclear ribonucleoprotein M isoform a Hnrnpm 77kDa 8 2 5.2 0.21 
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G.  FLAG δe K43G CaMK-II – 6/9/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) 
# 
Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum 
I.D. 
RuvB-like 2 Ruvbl2 51kDa 6 2 9.9 0.19 
A kinase (PRKA) anchor protein 8-like Akap8l 72kDa 6 3 4.5 0.18 
Heat shock 27kDa protein 1 Hspb1 23kDa 6 1 7.8 0.18 
Phosphoglycerate dehydrogenase PHGDH 57kDa 6 2 6.4 0.16 
Poly(rC)-binding protein 2 isoform b Pcbp2 38kDa 5 3 10 0.15 
Ribosomal protein L8 Rpl8 28kDa 4 1 16.3 0.13 
Heterogeneous nuclear ribonucleoprotein K isoform b Hnrnpk 51kDa 4 3 10.4 0.12 
Chaperonin containing TCP1, subunit 2 Cct2 57kDa 5 1 3 0.12 
cAMP-dependent protein kinase, regulatory subunit alpha 1 NA  43kDa 4 1 3.1 0.12 
Downstream of tyrosine kinase 7 Dok7 53kDa 11 2 3.6 0.12 
Protein arginine methyltransferase 5 isoform a Prmt5 73kDa 5 4 10.5 0.11 
Ribosomal protein L11 Rpl11 21kDa 4 1 7.9 0.11 
Exportin 1 Xpo1 123kDa 4 4 6.1 0.09 
Chaperonin containing TCP1, subunit 7 isoform a Cct7 59kDa 3 1 4.1 0.09 
HLA-B associated transcript-3 isoform a Bat3 119kDa 3 1 1.7 0.09 
Ribosomal protein S3 Rps3 27kDa 6 2 9.1 0.09 
AHA1, activator of heat shock 90kDa protein ATPase homolog 1 Ahsa1 38kDa 4 2 10.7 0.08 
Ribosomal protein L4 Rpl4 48kDa 4 3 10.5 0.07 
Filamin A, alpha isoform 1 Flna 280kDa 3 3 2.3 0.07 
RuvB-like 1 Ruvbl1 50kDa 2 2 7 0.06 
Insulin receptor substrate 4 !rs4 134kDa 2 2 4.5 0.06 
Nucleophosmin 1 isoform 1 Npm1 33kDa 3 2 8.1 0.06 
Ribosomal protein L10a Rpl10a 25kDa 2 2 13.4 0.06 
Reticulocalbin 1 precursor Rcn1 36kDa 2 1 4.8 0.06 
Similar to hCG1782414 isoform 1 Rpl21p53 18kDa 2 1 9.4 0.06 
CD5 molecule Cd5 54kDa 2 1 5.1 0.06 
Proteasome alpha 5 subunit Psma5 26kDa 2 2 17 0.05 
Pre-mRNA processing factor 31 homolog Prpf31 55kDa 2 2 8.2 0.05 
Similar to ubiquitin NA  18kDa 1 1 16 0.05 
Glutamyl-prolyl tRNA synthetase Eprs 170kDa 3 2 3.2 0.05 
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G. FLAG δe K43G CaMK-II – 6/9/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide % Coverage 
% Share of 
Spectrum 
I.D. 
TRK-fused Tfg 43kDa 1 1 6 0.03 
Ribosomal protein L12 Rpl12 18kDa 1 1 9.1 0.03 
Chaperonin containing TCP1, subunit 5 (epsilon) Cct5 60kDa 1 1 3 0.03 
Similar to ribosomal protein S10 NA  20kDa 1 1 9.1 0.03 
T-complex protein 1 isoform a Tcp1 60kDa 1 1 5.7 0.03 
Similar to 40S ribosomal protein SA (p40) (34/67 kDa laminin receptor) 
(Colon carcinoma laminin-binding protein) (NEM/1CHD4) (Multidrug 
resistance-associated protein MGr1-Ag) isoform 2 Rpsap2 33kDa 1 1 9.2 0.03 
KH domain containing, RNA binding, signal transduction associated 1 Khdrbs1 48kDa 1 1 3.2 0.03 
Ribosomal protein L5 Rpl5 34kDa 1 1 4 0.03 
DEAD (Asp-Glu-Ala-Asp) box polypeptide 20 Ddx20 92kDa 1 1 2.2 0.03 
Clathrin heavy chain 1 Cltc 191kDa 1 1 1.9 0.03 
Isoleucyl-tRNA synthetase Iars 144kDa 1 1 1.3 0.03 
Similar to 60S acidic ribosomal protein P1 Rplp1p4 11kDa 1 1 14 0.03 
Ribosomal protein L7a Rpl7a 30kDa 1 1 7.5 0.03 
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A.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 1/7/2007 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
147 kDa protein Vtg1  147kDa 186 20 53 14.91 
Novel protein similar to vitellogenin 1 Vtg2 180kDa 433 68 41.1 12.8 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 116 21 50 11.06 
Hypothetical protein LOC678536 zgc:136383 43kDa 66 16 50.1 9.56 
Vitellogenin 6 Vtg6 150kDa 59 14 47.3 9.39 
149 kDa protein Vtg7 149kDa 88 15 46.4 8.9 
Vtg2 protein Vtg2  93kDa 6 1 35 2.76 
Novel protein similar to vertebrate apolipoprotein B 
si:ch211-
219i10.1 412kDa 75 21 9.8 2.49 
Muscle-specific creatine kinase Ckma 43kDa 17 3 24.4 0.96 
Zgc:64204 protein Ckmb 43kDa 26 4 23.7 0.92 
Elongation factor 1-alpha Ef1a  50kDa 26 9 22.3 0.9 
Vitellogenin 3 Vtg3 149kDa 33 10 17.4 0.85 
Atp2a1 protein Atp2a1  112kDa 23 6 10.1 0.66 
Zgc:123194 Zgc:123194 50kDa 11 2 21.6 0.61 
Tubulin, beta 2c Tubb2c  50kDa 10 2 21.6 0.52 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh 36kDa 14 5 26.1 0.51 
Similar to 14 kDa apolipoprotein LOC570408 14kDa 13 3 31 0.48 
Vtg3 protein (Fragment) Vtg3 60kDa 6 1 16 0.48 
Skeletal alpha1 actin Acta1 42kDa 14 3 13.3 0.45 
Creatine kinase, brain Ckb 43kDa 9 3 19.4 0.43 
Heat shock protein HSP 90-beta Hsp90ab1 85kDa 11 2 4.7 0.41 
30 kDa protein NA 30kDa 11 3 15.6 0.4 
Tubulin, alpha 8 like 2 Tuba8l2  50kDa 8 2 14.5 0.39 
Novel alpha-type globin Hbae3  16kDa 12 2 25.9 0.37 
Parvalbumin isoform 1d Pvalb1 11kDa 12 2 29.2 0.37 
Embryonic 1 beta-globin 
si:busm1-
118j2.5 16kDa 10 2 31.8 0.37 
Muscle cofilin 2 Cfl1  19kDa 10 3 32.7 0.36 
Apolipoprotein A-IV Apoa4  29kDa 6 1 8.2 0.33 
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A.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 1/7/2007 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
44 kDa protein Bhmt 44kDa 12 4 20.4 0.33 
Crystallin, beta B1,Gen Crybb1 27kDa 8 3 21.7 0.29 
Heat shock 70kDa protein 8 Hspa8 21kDa 5 1 16.5 0.29 
Natterin-like protein Zgc:113413 34kDa 7 1 5.7 0.26 
Eukaryotic translation elongation factor 2, like Eef2l 95kDa 7 3 4.7 0.25 
Zgc:56493 LOC791452 12kDa 7 2 28.7 0.25 
Acidic (leucine-rich) nuclear phosphoprotein 32 family, member B Anp32b 29kDa 6 2 12.4 0.22 
Apolipoprotein A-I precursor Apoa1  30kDa 6 1 5.3 0.22 
5-aminoimidazole-4-carboxamide ribonucleotide formyltransferase/IMP 
cyclohydrolase Atic 64kDa 7 3 8.8 0.22 
Elongation factor-1, delta Eef1d  19kDa 6 1 11.6 0.22 
Hnrpa0l protein Hnrnpa0l 32kDa 6 1 5.3 0.22 
Heat shock 70kDa protein 5 Hspa5  70kDa 3 1 4.8 0.22 
Phosphoglycerate kinase Pgk1  45kDa 6 1 4.3 0.22 
Ribosomal protein SA Rpsa  34kDa 6 1 5.5 0.22 
Peptidyl-prolyl cis-trans isomerase Ppia  17kDa 6 1 9.1 0.21 
Fast myosin heavy chain 4 Myhc4  222kDa 7 3 2.5 0.19 
Ribosomal protein S5 Rps5  23kDa 5 1 8 0.19 
Tropomyosin-1 alpha chain Tpma 33kDa 9 3 15.1 0.19 
Ubiquitin A-52 residue ribosomal protein fusion product 1 Uba52 18kDa 5 1 21 0.19 
Annexin 1c Anxa1c 35kDa 5 2 9.8 0.18 
Tubulin, alpha 3 Tuba4l  50kDa 2 1 11.1 0.18 
Fructose-bisphosphate aldolase Aldoab 40kDa 5 2 11.8 0.17 
Tkt protein Tkt  68kDa 4 1 2.4 0.15 
Ywhai protein Ywhai 28kDa 4 1 10.7 0.15 
Guanine nucleotide-binding protein subunit beta-2-like 1 Gnb2l1  35kDa 4 2 9.5 0.14 
60S ribosomal protein L19 Rpl19  23kDa 4 1 8.7 0.13 
Zgc:92891 Prdx2  22kDa 5 1 10.7 0.12 
Insulin-like growth factor 2 mRNA-binding protein 3 Dvr1rbp 63kDa 3 1 2.7 0.11 
Heterogeneous nuclear ribonucleoprotein A/B Hnrnpab  34kDa 3 1 4.6 0.11 
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A.  CaM Sepharose Purified Un- injected 3dpf Zebrafish Embryos – 1/7/2007 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
Ictacalcin Icn 10kDa 3 1 13.7 0.11 
L-lactate dehydrogenase B chain Ldhb 37kDa 3 1 4.4 0.11 
Proliferating cell nuclear antigen Pcna  29kDa 3 1 7.3 0.11 
Zgc:92464 Psmc5 46kDa 3 1 4.3 0.11 
Elongation factor Tu Zgc:110766 49kDa 3 1 4.2 0.11 
Zgc:55768 Zgc:55768  45kDa 4 1 3.8 0.11 
Zgc:92720 Zgc:92720 24kDa 4 2 13.5 0.11 
Heat shock protein 1 Hspb1  20kDa 4 3 28.3 0.1 
Histone H2B Zgc:171937  14kDa 3 1 12.1 0.1 
60S ribosomal protein L9 Rpl9  17kDa 3 2 22.8 0.09 
Chaperonin containing TCP1, subunit 3 Cct3  60kDa 3 1 3.7 0.08 
Pyrophosphatase (Inorganic) 1 Ppa1 33kDa 3 1 5.5 0.08 
Parvalbumin-2 Pvalb2 12kDa 3 2 27.5 0.08 
Translationally-controlled tumor protein Tctp 19kDa 3 1 8.2 0.08 
Apolipoprotein C-II isoform 1 Apoc2  11kDa 2 1 17.8 0.07 
Glutathione S-transferase pi Gstp1  24kDa 4 1 9.1 0.07 
Macrophage migration inhibitory factor Mif  12kDa 2 1 14.8 0.07 
Nucleoside diphosphate kinase Nme2 17kDa 2 1 11.1 0.07 
Phosphoribosylaminoimidazole carboxylase, 
phosphoribosylaminoimidazole succinocarboxamide synthetase Paics  47kDa 2 1 3.8 0.07 
60S ribosomal protein L23 Rpl23 15kDa 2 1 14.3 0.07 
S100 calcium binding protein A1 S100a1  11kDa 2 1 15.6 0.07 
Transferrin Tfa  74kDa 2 1 1.9 0.07 
CDC48 protein Vcp 89kDa 3 1 2.1 0.07 
BetaA2-2-crystallin Zgc:92722  24kDa 2 2 15.2 0.07 
Malate dehydrogenase Mdh1a  36kDa 2 2 10.5 0.06 
Ribosomal protein, large, P1 Rplp1  11kDa 2 1 14.2 0.06 
Rplp2l protein Rplp2l 12kDa 2 1 25 0.05 
Fructose-bisphosphate aldolase B Aldob  39kDa 1 1 4.1 0.04 
Chaperonin containing TCP1, subunit 2 Cct2  58kDa 1 1 3.4 0.04 
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A.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 1/7/2007 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
Similar to fertilization envelope outer layer protein LOC793799  23kDa 1 1 11.9 0.04 
40S ribosomal protein S8 Rps8  24kDa 1 1 7.2 0.04 
Sb:cb825 protein (Fragment) sb:cb825 55kDa 1 1 7.5 0.04 
Ubiquitin-activating enzyme E1 Uba1  118kDa 1 1 1.7 0.04 
ATP synthase subunit beta Zgc:111961  55kDa 2 1 3.7 0.04 
Zgc:92237 Zgc:92237 29kDa 1 1 6 0.04 
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B.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 10/18/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
147 kDa protein Vtg1 147kDa 71 11 46.1 5.12 
Novel protein similar to vitellogenin 1 Vtg2 180kDa 168 35 34.3 4.76 
Hypothetical protein LOC678536 Zgc:136383 148kDa 43 3 40.6 4.08 
Novel protein similar to vitellogenin 1 Vtg1 147kDa 31 8 43.1 3.6 
Vitellogenin 6 Vtg6 150kDa 23 3 39.7 3.53 
283 kDa protein Spna2 283kDa 124 42 24.5 3.14 
Tubulin, alpha 8 like 4 Tuba8l4  50kDa 98 15 40.2 2.46 
149 kDa protein Vtg7 149kDa 4 1 35.3 2.37 
Zgc:123194 Zgc:123194 50kDa 32 6 70.1 2.35 
Vtg7 protein Vtg7 149kDa 23 4 35.4 2.25 
Zgc:55461 Zgc:55461  50kDa 9 2 64.9 2.16 
Pyruvate kinase Pkm2b  67kDa 70 14 39.3 1.82 
Putative uncharacterized protein ns:zf-e523  223kDa 33 10 28.6 1.68 
Elongation factor 1-alpha Ef1a 50kDa 65 13 34 1.61 
Skeletal alpha1 actin Acta1  42kDa 34 7 38.2 1.28 
Fast myosin heavy chain 4 Myhc4 222kDa 3 2 24.2 1.23 
Tubulin, beta 5 Tubb5 50kDa 11 2 48.6 1.22 
Type II basic cytokeratin Krt4  44kDa 31 7 47.8 1.06 
Hypothetical protein LOC558671 163kDa 45 14 15.9 1.06 
Atp2a1 protein Atp2a1 110kDa 39 12 17.7 1.01 
Ribosomal protein L7a Rrpl7a  30kDa 34 17.9 26.3 0.94 
Ribosomal protein L4 Rpl4 43kDa 41 13 36.3 0.92 
Elongation factor 1-gamma Eef1g 50kDa 41 8 22.9 0.91 
Vg1 protein Vtg1 36kDa 6 2 47.8 0.86 
Similar to Krt5 protein isoform 1 Krt5 59kDa 19 4 18.2 0.78 
Vitellogenin 1 (Fragment) Vtg1 150kDa 13 2 69.1 0.78 
Ribosomal protein L21 Rpl21 19kDa 34 6 43.1 0.76 
60S ribosomal protein L8 Rpl8 28kDa 28 6 32.7 0.75 
Ribosomal protein L3 Rpl3 46kDa 27 8 25.3 0.74 
222 kDa protein wu:fd14a01  222kDa 5 2 16.2 0.74 
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B.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 10/18/2008 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum 
I.D. 
Crystallin, beta B1 Crybb1 27kDa 26 4 27.6 0.69 
26S protease regulatory subunit S10B Psmc6  44kDa 30 9 37.8 0.68 
Proteasome Psmc2 49kDa 24 6 28.9 0.64 
Actin, cytoplasmic 1 Bactin1  42kDa 11 35.8 30.1 0.63 
Heat shock cognate 71 kDa protein Hspa8 71kDa 20 6 23.2 0.63 
Heat shock 70kDa protein 8 Hspa8 70kDa 26 5 53.7 0.61 
Novel protein (Fragment) NA 100kDa 28 7 11.2 0.61 
48 kDa protein Psmc3  48kDa 24 8 41 0.58 
Ribosomal protein L5b Rpl5b  34kDa 21 6 33.1 0.56 
Type I cytokeratin Cyt1  49kDa 21 5 25.1 0.53 
Zgc:153426 Zgc:153426  50kDa 2 1 59.9 0.51 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4 50kDa 18 7 29.2 0.48 
Synaptic vesicle membrane protein VAT-1 homolog Vat1 54kDa 18 5 18.6 0.45 
Zgc:77235 Zgc:77235 17kDa 21 4 35.8 0.45 
Similar to LOC553473 protein LOC553473 27kDa 29 4 29.3 0.44 
Dynein cytoplasmic 1 heavy chain 1 Dync1h1 533kDa 21 13 6.6 0.42 
Zgc:63663 LOC793361 71kDa 1 1 17.7 0.41 
Slow myosin heavy chain 1 Smyhc1  224kDa 10 2 5.1 0.41 
Zgc:92464 Psmc5 46kDa 14 13.1 26.1 0.4 
Zgc:92237 Zgc:92237 29kDa 19 6 31.7 0.39 
40S ribosomal protein S3a Rps3a 30kDa 15 7 29.2 0.38 
Ribosomal protein L18 Zgc:92872  19kDa 14 3 30.5 0.38 
Ribosomal protein L10 Rpl10 25kDa 13 3 23.9 0.36 
60S ribosomal protein L10a Rpl10a 25kDa 13 3 19.4 0.34 
Similar to Smarcc1 protein Smarcc1 121kDa 15 6 9.3 0.34 
Zgc:65996 LOC572750 21kDa 13 5 26.6 0.33 
Ribosomal protein L30 Rpl30 13kDa 14 4 61.5 0.33 
60S ribosomal protein L6 Rpl6 31kDa 15 8.6 16.6 0.33 
ATPase, Na+/K+ transporting, alpha 3b polypeptide Atp1a3b 112kDa 12 39.3 6.6 0.32 
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B.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 10/18/2008 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Ribosomal protein S2 Rps2  30kDa 14 4 17.9 0.32 
Ribosomal protein L7 Rpl7 28kDa 15 3 19.1 0.31 
40S ribosomal protein S24 Rps24  15kDa 10 2 25.7 0.3 
Similar to Tubulin beta-6 chain LOC558552 53kDa 13 1 7.7 0.29 
Ribosomal protein L11 Rpl11 20kDa 10 1 7.9 0.29 
Ribosomal protein L14 Rpl14 16kDa 10 2 24.5 0.28 
Rplp2l protein Rplp2l 12kDa 11 2 50 0.28 
Proteasome (Prosome, macropain) 26S subunit, non-ATPase, 7 Psmd7 37kDa 9 22.9 19 0.24 
Putative uncharacterized protein Zgc:171710 16kDa 8 2 16.1 0.24 
MCM7 minichromosome maintenance deficient 7 Mcm7 81kDa 8 4 8.7 0.23 
60S ribosomal protein L24 Rpl24 18kDa 8 3 14 0.23 
Similar to Psmd14-prov protein MGC162272 35kDa 11 2 8.7 0.22 
60S ribosomal protein L19 Rpl19 23kDa 7 2 15.8 0.22 
40S ribosomal protein S8 Rps8 24kDa 11 2 19.7 0.22 
Similar to AHNAK nucleoprotein Wu:fb05a01 642kDa 10 4 13.1 0.22 
240 kDa protein LOC553451 240kDa 8 7 5.8 0.2 
Mcm4 protein Mcm4 95kDa 9 5 9.5 0.2 
Ribosomal protein L28-like Rpl28l  16kDa 8 2 23.2 0.2 
Similar to High density lipoprotein-binding protein (vigilin) isoform 1 LOC793884 141kDa 9 5 5.4 0.18 
MGC158377 protein Mcm6 94kDa 8 5 11.2 0.17 
Proteasome (Prosome, macropain) 26S subunit, ATPase, 4 Psmc4 47kDa 7 4 13.2 0.17 
Novel protein similar to heat shock protein 90-alpha Hsp90a.2 85kDa 5 2 5.4 0.16 
Mcm2 protein Mcm2 100kDa 7 3 5.5 0.16 
Proteasome (Prosome, macropain) 26S subunit, non-ATPase, 3 Psmd3 58kDa 7 4 10.9 0.16 
Calcium/calmodulin-dependent protein kinase (CaM kinase) II gamma 
2 isoform 2  Camk2g 62kDa 9 3 12.6 0.15 
40S ribosomal protein S4, X isoform Rps4x 30kDa 6 1 3.4 0.15 
Gravin Akap12 166kDa 6 3 3.3 0.14 
Proteasome Psmc1b 49kDa 7 4 15 0.13 
Ribosomal protein L12 Rpl12 18kDa 4 1 9.1 0.13 
Zgc:153629 Zgc:153629  50kDa 4 2 8.4 0.13 
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B.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 10/18/2008 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Zgc:92720 Zgc:92720 24kDa 4 1 6 0.13 
Beta A4-crystallin Cryba4 23kDa 4 4 27.6 0.12 
Similar to LOC561267 protein isoform 1 Psmd11a 47kDa 7 3 12.1 0.12 
Proteasome (Prosome, macropain) 26S subunit, non-ATPase, 2 Psmd2 99kDa 6 3 9.1 0.12 
Zgc:77758 Rps20 13kDa 5 1 9.9 0.12 
Zgc:171772 protein Zgc:171772 10kDa 4 2 32.6 0.12 
40S ribosomal protein s11 Rps11 18kDa 6 2 18.9 0.11 
Novel protein similar to vertebrate spectrin, beta, non-erythrocytic 2 DKEY-99P10.2 274kDa 6 4 2.2 0.1 
Ribosomal protein L26 Rpl26 17kDa 6 2 17.2 0.1 
60S ribosomal protein L34 Rpl34 13kDa 4 2 17.9 0.1 
40S ribosomal protein S12 Rps12 14kDa 6 3 37.1 0.1 
Eukaryotic translation elongation factor 1 beta 2 Eef1b2 25kDa 4 2 16.4 0.09 
60S ribosomal protein L27 Rpl27 16kDa 5 2 14 0.09 
Ribosomal protein S13 Rps13 17kDa 5 2 8.6 0.09 
Titin a Ttna  3648kDa 5 4 0.3 0.09 
Proteasome (Prosome, macropain) 26S subunit, non-ATPase, 4 Psmd4l  40kDa 4 2 10.3 0.08 
Hypothetical protein isoform 1 wu:fc51f04  66kDa 3 2 4.7 0.08 
Beta A1-2-crystallin Zgc:112134 23kDa 5 2 27.8 0.08 
22 kDa protein Zgc:171773 22kDa 2 1 13.1 0.08 
Histone deacetylase 1 Hdac1 55kDa 3 2 6.3 0.07 
Histone H2B 3 Hist2h2l 13kDa 2 1 12.1 0.07 
60S ribosomal protein L18a Rpl18a 21kDa 4 2 12.5 0.07 
Novel protein similar to vertebrate apolipoprotein B 
si:ch211-
219i10.1 413kDa 3 2 1.1 0.07 
Dihydrolipoamide S-succinyltransferase Dlst  49kDa 4 2 6.3 0.06 
Similar to MGC68800 protein Ogdh  116kDa 3 3 5.9 0.06 
60S ribosomal protein L13 Rpl13 24kDa 3 2 18.5 0.06 
Titin b Ttnb 3200kDa 1 1 0.5 0.06 
Heat shock 70kDa protein 5 Hspa5 70kDa 2 1 6.3 0.05 
Zgc:123327 LOC100002663 16kDa 3 2 27.7 0.05 
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B.  CaM Sepharose Purified Un-injected 3dpf Zebrafish Embryos – 10/18/2008 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Si:ch211-234f20.7 
si:ch211-
234f20.7 54kDa 2 2 3.2 0.05 
Similar to type IV collagen alpha 4 chain Col4a4  159kDa 2 2 1.8 0.04 
Similar to polycystic kidney disease 1 protein LOC565697 322kDa 2 2 1.1 0.04 
Proteasome (Prosome, macropain) 26S subunit, non-ATPase, 12 Psmd12 53kDa 2 1 13.1 0.04 
Ribosomal protein, large, P1 Rplp1 11kDa 2 1 14.2 0.04 
60S ribosomal protein L23 Zgc:73149 15kDa 2 2 14.3 0.04 
Zgc:92114 Zgc:92114 24kDa 2 1 4.9 0.04 
Ribosomal protein L9 Rpl9 22kDa 1 1 13.1 0.03 
BetaA2-2-crystallin Zgc:92722  24kDa 1 1 21.5 0.03 
Zgc:123292 Zgc:123292 50kDa 1 1 33.7 0.01 
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C.  FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish Embryos – 5/29/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Novel protein similar to vertebrate calcium/calmodulin-dependent 
protein kinase (CaM kinase) II gamma Camk2g 68kDa 11 2 9.7 7.85 
Vitellogenin 1 Vtg1 137kDa 12 4 4.2 6.06 
Calcium/calmodulin-dependent protein kinase type II delta-A chain Camk2d 54kDa 6 1 8.4 5.43 
Similar to Krt5 protein isoform 1 Krt5 59kDa 8 2 3.9 4.17 
Similar to phospholipase C-like 2 LOC562865  111kDa 6 1 1 2.92 
Novel protein similar to vertebrate abhydrolase domain containing 10 LOC563031 32kDa 5 1 3.5 2.44 
Novel protein similar to human chromodomain helicase DNA binding 
protein 2 Chd2 195kDa 5 1 0.7 2.36 
zgc:112089 LOC573781 18kDa 3 1 11 1.33 
Actin, cytoplasmic 1 Bactin1 42kDa 2 1 4.3 1.04 
zgc:153629 NA 48kDa 2 2 7 0.92 
Similar to Myosin I beta LOC566459  123kDa 2 1 1.6 0.65 
zgc:162328 74 kDa protein NA 74kDa 1 1 3 0.49 
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D.  FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish Emrbyos – 6/19/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Novel protein similar to vitellogenin 1 Vtg1 147kDa 15 12 11.4 18.47 
Similar to calcium/calmodulin-dependent protein kinase II isoform 
gamma-C protein kinase II isoform 1 LOC562629  68kDa 4 3 13 5.92 
Calcium/calmodulin-dependent protein kinase type II delta-A chain Camk2d 54kDa 1 1 8.4 2.89 
Actin, cytoplasmic 1 Bactin1  42kDa 2 2 7.2 2.52 
Fast myosin heavy chain 4 Myhc4 222kDa 2 1 0.8 2.49 
zgc:136902 NA 51kDa 2 2 4.6 2.27 
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E.  FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish Embryos – 7/23/2008 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Novel protein similar to vertebrate calcium/calmodulin-dependent 
protein kinase (CaM kinase) II gamma Camk2d 54kDa 6 3 7.1 6 
Fast myosin heavy chain 4 Myhc4 222kDa 3 2 1.3 5.18 
Similar to Krt5 protein isoform 1 Krt5 59kDa 2 2 4.3 3.36 
Actin, cytoplasmic 1 Bactin1  42kDa 1 1 7.2 2 
Hypothetical protein LOC555485 39kDa 1 1 8.3 1.86 
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F.  FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish Embryos – 4/24/2009 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
147 kDa protein Vtg1 147kDa 47 9 35.8 4.78 
Novel protein similar to vitellogenin 1 Vtg1 147kDa 35 8 33.1 4.32 
Skeletal alpha1 actin Acta1 42kDa 76 13 48 4.27 
Calcium/calmodulin-dependent protein kinase type II delta-A chain Camk2d 54kDa 26 2 16.3 4.09 
Novel protein similar to vertebrate calcium/calmodulin-dependent 
protein kinase (CaM kinase) II gamma Camk2g 54kDa 51 6 24.7 3.42 
Hypothetical protein LOC678536 zgc:136383  148kDa 9 4 34.5 3.39 
Calcium/calmodulin-dependent protein kinase (CaM kinase) II gamma 
a Camk2g 63kDa 1 1 11.8 3.23 
Vitellogenin 6 Vtg6 150kDa 13 3 30.4 2.89 
149 kDa protein Vtg7 149kDa 8 5 31.2 2.84 
Similar to Krt5 protein isoform 1 Krt5 59kDa 25 2 4.3 1.52 
223 kDa protein Myh9l2 223kDa 23 12 16.1 1.06 
Novel protein similar to vitellogenin 1 Vtg2 180kDa 16 8 10.9 1.04 
Similar to OTTHUMP00000028706, partial Myh9l1 204kDa 15 10 20.5 0.95 
Vtg7 protein Vtg7 149kDa 2 1 31.4 0.94 
Vitellogenin 1 (Fragment) Vtg1 151kDa 3 1 64.9 0.71 
Myosin, heavy polypeptide 2, fast muscle specific Myhz2 108kDa 24 12 11.6 0.68 
Fast myosin heavy chain 4 Myhc4 224kDa 3 1 11.6 0.67 
Tubulin, beta 2c Tubb2c  50kDa 14 5 17.1 0.67 
Similar to kinesin family member 13B LOC562976 146kDa 15 1 1.3 0.6 
Zgc:136902 NA 51kDa 9 1 2.6 0.58 
Similar to KIAA1590 protein LOC567045 151kDa 15 1 1.8 0.56 
Myh9 protein (Fragment) Myh9 121kDa 1 1 21.5 0.52 
Myosin XVIII-like 2 LOC566880 279kDa 22 2 1.5 0.44 
Novel protein similar to human and mouse NSE1 Zgc:63724 30kDa 15 1 10 0.33 
Bing3-like protein (Fragment) Bing3y 5kDa 5 1 43.9 0.29 
Similar to centrosomal colon cancer autoantigen protein LOC556980 60kDa 13 2 9.1 0.28 
Heterogeneous nuclear ribonucleoprotein U Hnrnpu 89kDa 5 1 1.9 0.26 
Crystallin, beta a1b Zgc:92720 24kDa 4 1 6 0.26 
Similar to eukaryotic translation initiation factor 4 gamma 3 LOC556227 26kDa 10 1 3.8 0.22 
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F.  FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish Embryos – 4/24/2009 (continued from previous   
      page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Novel protein similar to human chromodomain helicase DNA binding 
protein 2 Chd2  195kDa 7 1 2 0.2 
Hypothetical protein LOC567010 124kDa 5 1 2.1 0.19 
Similar to nonmuscle myosin heavy chain Myh10 229kDa 2 1 3.1 0.16 
Elongation factor 1-gamma Eef1g 50kDa 4 1 2.7 0.15 
Similar to glycolipid transfer protein LOC792937 24kDa 6 1 14.4 0.15 
Tubulin, alpha 8 like 4 Tuba8l4 50kDa 3 3 12.9 0.13 
Ubiquitin A-52 residue ribosomal protein fusion product 1 Uba52  180kDa 2 1 21 0.13 
Chaperonin-containing T-complex protein 1 eta subunit Cct7 60kDa 4 2 6.4 0.12 
Nuclear receptor binding set domain protein 1B LOC563734  87kDa 3 1 4.1 0.12 
229 kDa protein NA 229kDa 2 2 3 0.11 
Retinol dehydrogenase 10-A Rdh10 38kDa 3 1 8.3 0.11 
similar to Lsm11 protein Ism11 41kDa 3 1 7.2 0.1 
Similar to mixed lineage kinase 4 LOC561518 109kDa 2 2 5.8 0.08 
Zgc:112140 NA 70kDa 2 1 1.7 0.08 
Notch homolog 2 Notch2  267kDa 3 1 1.3 0.08 
Slow myosin heavy chain 1 Smyhc1 224kDa 1 1 1.6 0.08 
zgc:63613 Tln1l 36kDa 2 1 5.2 0.08 
Charged multivesicular body protein 2a Bc2 25kDa 1 1 10.5 0.07 
Bleomycin hydrolase Blmh 52kDa 1 1 5.7 0.07 
Type I cytokeratin Cki  47kDa 1 1 3.5 0.07 
6-4 photolyase Cry5 60kDa 1 1 3.7 0.07 
Similar to potassium voltage-gated channel subfamily B member 1 LOC555284 93kDa 1 1 2.4 0.07 
Similar to DC-STAMP domain containing 2 LOC556296 72kDa 1 1 8.6 0.07 
Hypothetical protein LOC557881  42kDa 1 1 5.4 0.07 
similar to Poly (ADP-ribose) glycohydrolase LOC559134  85kDa 1 1 1.8 0.07 
152 kDa protein LOC561709 152kDa 1 1 2.1 0.07 
57 kDa protein LOC567701 57kDa 1 1 7.1 0.07 
Similar to enhancer trap locus 4 LOC570069 206kDa 1 1 0.8 0.07 
Similar to stonustoxin alpha-subunit LOC793259 49kDa 1 1 3.9 0.07 
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F.  FLAG Purified FLAG δe WT CaMK-II Injected 3dpf Zebrafish Embryos – 4/24/2009 (continued from previous  
     page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Similar to AMPA receptor subunit 2b isoform 2 LOC795873  100kDa 1 1 2.2 0.07 
Novel protein similar to vertebreate myosin 1c LOC796782  115kDa 1 1 4.2 0.07 
46 kDa protein NA  46kDa 1 1 6.7 0.07 
Zgc:123255 NA  44kDa 1 1 6.3 0.07 
zgc:136894 57 kDa protein NA  57kDa 2 1 3.4 0.07 
73 kDa protein NA  73kDa 1 1 1.8 0.07 
PDZ domain containing 1 like Pdzk1l 59kDa 1 1 3.4 0.07 
Splicing factor, arginine/serine-rich 2 Sfrs2 20kDa 1 1 6.3 0.07 
Si:ch211-257c9.1 
si:ch211-
257c9.1 65kDa 1 1 3.4 0.07 
Hypothetical protein 
si:ch211-
264e16.2  143kDa 1 1 1.9 0.07 
Novel protein similar to human T-cell lymphoma breakpoint 
associated target 1 si:dkey-72g4.1 18kDa 1 1 36 0.07 
Novel protein similar to human apolipoproteins 
si:rp71-
1g18.13 42kDa 1 1 6.3 0.07 
Sepiapterin reductase Spra 29kDa 1 1 10.7 0.07 
Tdo2 protein Tdo2  48kDa 1 1 7.1 0.07 
E3 ubiquitin protein ligase, HECT domain containing, 1 Ubr5 310kDa 1 1 1.1 0.07 
130 kDa protein wu:fc07e08 130kDa 1 1 3.7 0.07 
Similar to LRP1 wu:fj39b01 177kDa 1 1 2.9 0.07 
Similar to LOC402835 protein wu:fj64b09  180kDa 1 1 0.9 0.07 
Histone H2A zgc:173652  14kDa 1 1 18.1 0.07 
Methylcrotonoyl-coenzyme A carboxylase 2 Zgc:85685 62kDa 1 1 6.2 0.07 
Similar to LOC553473 protein LOC553473 27kDa 1 1 6.6 0.06 
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G.  FLAG Purified FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/11/2009 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase type II delta-B chain Camk2d 54kDa 28 3 22.7 9.97 
147 kDa protein Vtg1  147kDa 11 3 12.5 4.24 
149 kDa protein Vtg7  149kDa 6 2 9.7 3.26 
Similar to Krt5 protein isoform 1 Krt5 59kDa 6 1 2.2 2.11 
Zgc:113271 Zgc:113271 47kDa 11 1 5.8 2.03 
Skeletal alpha1 actin Acta1  42kDa 4 1 11.9 1.9 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 2 1 7.4 1.39 
Chico protein Chico 22kDa 4 1 8.1 1.18 
Similar to kinesin family member 13B LOC562976 146kDa 3 1 1.3 0.88 
Actin, cytoplasmic 1 Bactin1  42kDa 2 1 14.9 0.85 
Vitellogenin 1 (Fragment) Vtg1  149kDa 5 1 29.8 0.76 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 1 1 16 0.64 
PCI domain-containing protein 2 Pcid2  44kDa 3 1 7.5 0.6 
Similar to fat3 LOC567065 94kDa 3 2 1.6 0.57 
Elongation factor Tu Zgc:110766  49kDa 2 1 3.3 0.41 
Nuclear receptor binding set domain protein 1b  LOC563734  87kDa 1 1 4.1 0.39 
DEAH (Asp-Glu-Ala-His) box polypeptide 38 Dhx38  144kDa 1 1 2.1 0.39 
Estrogen-related receptor gamma b Esrrgl  46kDa 1 1 8.1 0.39 
Bonnie and clyde Bon  37kDa 1 1 7.6 0.39 
Pyruvate dehydrogenase kinase, isozyme 3 LOC560068  46kDa 1 1 6.9 0.39 
Similar to gamma isoform of regulatory subunit B56, protein 
phosphatase 2A LOC100005981 39kDa 1 1 6.1 0.39 
120 kDa protein Zgc:158157 120kDa 1 1 2.5 0.39 
Tubulin, beta 5 Tubb5  50kDa 1 1 4.1 0.39 
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H.  FLAG Purified FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/24/2009 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Calcium/calmodulin-dependent protein kinase type II delta-A chain Camk2d 54kDa 26 2 17.3 4.05 
147 kDa protein Vtg1  147kDa 31 7 36.2 3.59 
Calcium/calmodulin-dependent protein kinase (CaM kinase) II 
gamma a Camk2g 68kDa 45 4 18.9 3.43 
Novel protein similar to vertebrate calcium/calmodulin-dependent 
protein kinase (CaM kinase) II gamma Camk2g 68kDa 4 1 15.5 3.08 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 21 8 31.3 2.87 
Hypothetical protein LOC678536 Zgc:136383 148kDa 6 3 30.5 2.61 
Vtg7 protein Vtg7  149kDa 15 8 33 2.35 
Vitellogenin 6 Vtg6  151kDa 7 3 30.2 2.15 
Myosin family protein ns:zf-e523 223kDa 38 17 17.1 2.05 
Type I cytokeratin Cyt1 46kDa 35 11 45.2 1.74 
Skeletal alpha1 actin Acta1  42kDa 55 9 31 1.65 
Actin, alpha, cardiac muscle 1 Act1 42kDa 1 1 31 1.2 
Similar to Krt5 protein isoform 1 Krt5 59kDa 26 3 6.7 1.15 
Type II basic cytokeratin Krt4 44kDa 11 4 20.3 0.85 
Novel protein similar to vitellogenin 1 Vtg2  180kDa 10 4 8 0.7 
Similar to MYO18A protein LOC566880 279kDa 22 3 4.1 0.57 
Novel protein similar to vertebrate histone 1, H4h LOC563628  11kDa 10 2 23.3 0.55 
Histone H2B  Hist2h2l  13kDa 7 2 12.1 0.37 
Similar to centrosomal colon cancer autoantigen protein LOC556980 60kDa 20 1 3.7 0.35 
Similar to kinesin family member 13B LOC562976 146kDa 12 1 2.4 0.35 
Slow myosin heavy chain 1 Smyhc1  224kDa 3 1 4.2 0.3 
Similar to pol polyprotein LOC100003348 259kDa 11 1 1.2 0.29 
Histone H2A LOC100000783 14kDa 5 1 18.1 0.27 
cDNA, clone cssl:d0658 NA 53kDa 16 1 5.1 0.23 
Ubiquitin A-52 residue ribosomal protein fusion product 1 Uba52  15kDa 4 1 21 0.22 
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H.  FLAG Purified FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/24/2009 (continued from previous  
      page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Similar to KIAA1590 protein LOC567045 151kDa 6 1 1.8 0.19 
Chico protein Chico  22kDa 3 2 8.1 0.18 
Novel protein similar to vertebrate glycolipid transfer protein 
DKEY-
234H16.2  24kDa 9 1 14.4 0.18 
 61 kDa protein NA  61kDa 5 1 4.7 0.17 
Tubulin, beta 5 Tubb5  50kDa 4 3 10.4 0.15 
Nuclear receptor binding set domain protein 1b LOC563734 87kDa 3 1 4.1 0.14 
Plexin A3 Plxna3  212kDa 5 2 2.3 0.13 
Similar to slow myosin heavy chain 1, partial LOC100008487 224kDa 1 1 3.3 0.11 
HMG box transcription factor Sox9b Sox9b  45kDa 2 1 8.9 0.11 
Zgc:55582 Zgc:55582 138kDa 6 3 4.7 0.11 
Similar to LOC553504 protein LOC553504  121kDa 5 2 5.1 0.1 
Similar to pol polyprotein LOC792603 124kDa 2 2 4.6 0.1 
206 kDa protein LOC793958  206kDa 2 2 3.4 0.1 
Cell adhesion molecule NCAM Ncam1  76kDa 2 1 4.5 0.1 
Hypothetical protein LOC571027  200kDa 2 2 2.3 0.09 
Zgc:136933 Zgc:136933 42kDa 2 2 8.8 0.09 
PCI domain-containing protein 2 Pcid2  46kDa 2 1 7 0.08 
SWI/SNF related, matrix associated, actin dependent regulator of 
chromatin, subfamily a, member 5 Smarce1 47kDa 2 1 2.6 0.07 
Zgc:92035  Zgc:92035 48kDa 1 1 4.5 0.06 
CDNA, clone cssl:d0187 Jam2  34kDa 1 1 8.8 0.06 
Legumain Lgmn  49kDa 2 1 6.8 0.06 
LIM domain only 4, like Lmo4l  18kDa 1 1 6.1 0.06 
Hypothetical protein LOC100005634 87kDa 1 1 2.8 0.06 
Similar to novel immune type receptor protein LOC100006784 25kDa 1 1 10.8 0.06 
Similar to LOC553479 protein LOC553479  43kDa 1 1 6.4 0.06 
Similar to phosphoinositide 3-kinase catalytic subunit LOC561737  124kDa 1 1 5 0.06 
Similar to SH3KBP1-binding protein 1 LOC562395  83kDa 1 1 2.9 0.06 
Novel protein similar to vertebrate insulin receptor substrate 1 LOC566919  130kDa 1 1 1.4 0.06 
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H.  FLAG Purified FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/24/2009 (continued from previous  
      page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Similar to serine-threonine specific protein phosphatase LOC567375 34kDa 1 1 18.2 0.06 
Similar to low density lipoprotein-related protein 1 LOC571846  190kDa 1 1 1.5 0.06 
Wnt11 protein LOC791595 39kDa 1 1 9.6 0.06 
Similar to pol polyprotein LOC796954 124kDa 1 1 2.1 0.06 
Matrix metalloproteinase 2 Mmp2  75kDa 1 1 3.8 0.06 
Novel NACHT domanin containing protein NA  84kDa 1 1 3.2 0.06 
Ras-like protein Rnd1a (Fragment) Rnd1l  26kDa 1 1 9.5 0.06 
Novel protein similar to collagen type VIII alpha 2 col8a2 
si:ch211-
197n10.4 67kDa 1 1 3.9 0.06 
Novel intermediate filament protein 
si:ch211-
243o19.7 45kDa 1 1 5.3 0.06 
Similar to LIN-41 Trim71  89kDa 1 1 2.5 0.06 
Similar to MGC131229 protein wu:fc18a08  126kDa 1 1 2.1 0.06 
Monocarboxylate transporter 12 Zgc:110441  53kDa 1 1 5.7 0.06 
Zgc:123178 Zgc:123178 53kDa 1 1 6.3 0.06 
Zgc:136902 Zgc:136902 51kDa 1 1 2.6 0.06 
Zgc:152778 Zgc:152778 66kDa 1 1 4.5 0.06 
Zgc:56041 Zgc:56041 88kDa 1 1 3.8 0.06 
RNA-binding protein PNO1 Zgc:65782  28kDa 1 1 11.1 0.06 
Zgc:73179 Zgc:73179 17kDa 1 1 17.9 0.06 
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I.  FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/11/2009 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 947 88 48.6 12.8 
147 kDa protein Vtg1  147kDa 395 11 62.9 12.01 
Novel protein similar to vitellogenin 1 Vtg2  180kDa 445 35 62.9 10.85 
Vitellogenin 6 Vtg6  151kDa 319 22 60.6 8.45 
Hypothetical protein LOC678536 Zgc:136383  147kDa 231 23 62 7.7 
149 kDa protein Vtg7  149kDa 328 23 57.8 6.44 
Vtg7 protein Vtg7  149kDa 347 30 59.5 6.4 
Vitellogenin 1 (Fragment) Vtg1  149kDa 12 2 54.2 5.77 
Vitellogenin 1 (Fragment) Vtg1  149kDa 147 2 83.8 2.55 
Novel protein similar to vitellogenin 1 Vtg2  180kDa 81 3 55.4 1.52 
Zgc:64204 protein Ckmb  43kDa 90 10 41.8 0.95 
Elongation factor 1-alpha Ef1a  50kDa 75 10 38.1 0.95 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 68 12 52.9 0.87 
Skeletal alpha1 actin Acta1  42kDa 51 12 52 0.84 
Muscle-specific creatine kinase Ckma 43kDa 29 6 36.2 0.76 
Vitellogenin 3, phosvitinless Vtg3 149kDa 68 15 28.5 0.6 
Novel protein similar to vertebrate apolipoprotein B 
si:ch211-
219i10.1  413kDa 47 17 8.6 0.59 
44 kDa protein Bhmt 44kDa 40 12 49.6 0.58 
Atp2a1 protein Atp2a1 110kDa 47 12 18.5 0.46 
Zgc:123194 Zgc:123194 50kDa 13 4 46.1 0.43 
Tubulin, beta 2c Tubb2c 50kDa 13 4 48.1 0.42 
Actin, cytoplasmic 1 Bactin1  42kDa 18 5 47.9 0.41 
Crystallin gamma EM2-7 Crygm2d7  21kDa 37 8 63.6 0.4 
Eukaryotic translation elongation factor 2, like Eef2l  95kDa 28 7 19.8 0.39 
Parvalbumin-2 Pvalb2 12kDa 30 6 50.5 0.38 
Similar to 14 kDa apolipoprotein LOC570408 14kDa 27 4 36.6 0.35 
Embryonic 1 beta-globin Hbbe1 16kDa 25 5 61.7 0.3 
30 kDa protein NA 30kDa 25 5 29.7 0.3 
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I.  FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/11/2009 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Putative uncharacterized protein ns:zf-e523  223kDa 25 6 5.3 0.3 
Crystallin, beta B1 Crybb1  27kDa 21 3 23.8 0.29 
Enolase Eno3  47kDa 18 4 20.2 0.26 
Apolipoprotein A-I precursor Apoa1  30kDa 23 7 36.6 0.23 
Parvalbumin isoform 1d Pvalb1  11kDa 20 3 39.4 0.23 
Vtg3 protein (Fragment) Vtg3 149kDa 6 1 30.1 0.23 
Nucleoside diphosphate kinase Nme2  17kDa 17 4 49 0.22 
Nucleoside diphosphate kinase Ndpkz2  17kDa 16 4 42.5 0.21 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 14 3 17.7 0.2 
Tropomyosin-1 alpha chain Tpma 33kDa 15 5 26.1 0.17 
Heat shock protein HSP 90-beta Hsp90ab1  83kDa 11 3 7.6 0.16 
Tuba1 protein Tuba1l  50kDa 3 1 31.5 0.16 
Zgc:123292 Zgc:123292 50kDa 4 1 22.8 0.16 
Zgc:77429 protein Zgc:77429 17kDa 11 3 41.3 0.16 
Tkt protein Tkt  68kDa 11 3 9.1 0.15 
Malate dehydrogenase Zgc:64133  36kDa 9 4 23.4 0.13 
Fructose-bisphosphate aldolase Aldoab 40kDa 8 3 13.2 0.12 
Beta A4-crystallin Cryba4  23kDa 8 3 34.2 0.12 
Similar to novel alpha-type globin isoform 2 LOC572729 16kDa 15 3 36.9 0.12 
Ribosomal protein L3 Rpl3  21kDa 8 2 11.9 0.12 
Zgc:123327 Zgc:123327 16kDa 8 1 18.4 0.12 
Novel alpha-type globin Hbae3  16kDa 9 2 32.2 0.1 
Calmodulin Calm3a  17kDa 6 1 11.5 0.09 
Elongation factor-1, delta Eef1d  19kDa 6 1 11.5 0.09 
Elongation factor 1-gamma Eef1g  50kDa 6 2 6.3 0.09 
Novel alpha-globin Hbae1  16kDa 14 3 28.7 0.09 
Hnrpa0l protein Hnrnpa0l  32kDa 6 2 8.9 0.09 
Nots protein Nots 49kDa 6 2 9.5 0.09 
Profilin 2 Pfn2  15kDa 6 1 17.9 0.09 
Zgc:92891 Prdx2  22kDa 6 4 35 0.09 
40S ribosomal protein S3a Rps3a 30kDa 6 1 9.4 0.09 
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I.  FLAG δe K43A CaMK-II Injected 3dpf Zebrafish Embryos – 4/11/2009 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
40S ribosomal protein S7 Rps7 28kDa 6 1 11.3 0.09 
Triosephosphate isomerase Tpi1b  27kDa 6 2 14.5 0.09 
Zgc:112425 Zgc:112425 21kDa 6 2 23.8 0.08 
Annexin 1c Anxa1c  35kDa 6 1 9.5 0.07 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 5 2 7.2 0.07 
Chaperone protein GP96 Hsp90b1  85kDa 5 1 2.4 0.07 
Transferrin Tfa  74kDa 5 1 5 0.07 
Hypothetical protein LOC323055 Ywhab1  28kDa 6 3 12.8 0.07 
Beta A1-2-crystallin Zgc:112134  23kDa 5 2 21.2 0.07 
Muscle cofilin 2 Cfl1  19kDa 5 3 21.8 0.06 
Similar to LOC553473 protein LOC553473  27kDa 5 2 14.9 0.06 
Retinol binding protein 4 Rbp4  22kDa 4 1 8.3 0.06 
Ribosomal protein S15 Rps15 17kDa 4 2 33.8 0.06 
Ribosomal protein S3 Rps3  30kDa 6 1 35.5 0.06 
SERPINE1 mRNA binding protein 1 Serbp1  43kDa 4 1 5.1 0.06 
Ubiquitin C-terminal hydrolase L1 Uchl1  24kDa 4 1 9.6 0.06 
Putative uncharacterized protein Zgc:173452  21kDa 3 1 34.1 0.06 
Histone H2A Zgc:173652 14kDa 4 1 18.1 0.06 
Zgc:77231 Zgc:77231 21kDa 6 2 14.7 0.06 
Heat shock cognate 71 kDa protein Hspa8 71kDa 4 2 16.5 0.05 
Hspd1 protein Hspd1  61kDa 3 2 8.5 0.05 
Myosin light chain 2 Mylz2 19kDa 6 2 24.3 0.05 
Ribosomal protein L4 Rpl4  30kDa 4 1 8.2 0.05 
Zgc:91930 Zgc:91930 21kDa 4 3 22.7 0.05 
Novel crystallin, gamma M2 gene Zgc:92724 22kDa 4 3 37.1 0.05 
Apolipoprotein Eb precursor Apoeb  24kDa 3 1 12.3 0.04 
ATP synthase, H+ transporting, mitochondrial F1 complex, alpha 
subunit 1, cardiac muscle Atp5a1  112kDa 3 2 6.9 0.04 
Gamma-crystallin N-B Crygn2  22kDa 3 1 10.9 0.04 
Type I cytokeratin Cyt1  49kDa 4 1 4.9 0.04 
Guanidinoacetate N-methyltransferase Gamt  27kDa 3 2 17.9 0.04 
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GDP dissociation inhibitor 2 Gdi2  51kDa 3 2 8.5 0.04 
Glutathione S-transferase pi Gstp1  24kDa 3 1 9.1 0.04 
Proteasome subunit alpha type Psma4 29kDa 3 1 12.3 0.04 
Serine (Or cysteine) proteinase inhibitor, clade A (Alpha-1 
antiproteinase, antitrypsin), member 1, like Serpina1l  48kDa 4 1 4.9 0.04 
Zgc:85717 Zgc:85717 21kDa 3 2 23.7 0.04 
Adenylyl cyclase-associated protein Cap1  49kDa 2 1 11 0.03 
Chaperonin containing TCP1, subunit 2 Cct2  58kDa 2 2 8.8 0.03 
Eukaryotic translation elongation factor 1 beta 2 Eef1b2 25kDa 2 1 14.2 0.03 
Histone H2B  Hist2h2l 13kDa 3 1 12.1 0.03 
Similar to gammaMX-crystallin LOC100002414 23kDa 2 1 17.2 0.03 
Novel protein similar to vertebrate procollagen-proline, 2- 
oxoglutarate 4-dioxygenase (Proline 4-hydroxylase), beta polypeptide NA  57kDa 2 1 8.9 0.03 
Pyrophosphatase (Inorganic) 1 Ppa1  33kDa 2 2 15.8 0.03 
Similar to Proteasome (prosome, macropain) subunit, alpha type, 2 si:rp71-45k5.4  26kDa 2 1 8.8 0.03 
Zgc:153632 Zgc:153632 55kDa 2 1 4.5 0.03 
Similar to LOC553473 protein LOC553473  27kDa 5 2 14.9 0.06 
Retinol binding protein 4 Rbp4  22kDa 4 1 8.3 0.06 
Ribosomal protein S15 Rps15 17kDa 4 2 33.8 0.06 
Ribosomal protein S3 Rps3  30kDa 6 1 35.5 0.06 
Zgc:86610 Zgc:86610 24kDa 2 2 18.3 0.03 
Zgc:92239 Zgc:92239 34kDa 2 1 7.5 0.03 
Chaperonin containing TCP1, subunit 6A Cct6a  58kDa 2 2 9.4 0.02 
Ubiquitin-activating enzyme E1 Uba1  118kDa 2 2 4.9 0.02 
14-3-3 protein beta/alpha-2 Ywhab2  27kDa 1 1 20.2 0.02 
Adenosylhomocysteinase Ahcy  48kDa 1 1 5.1 0.01 
SERPINE1 mRNA binding protein 1 Serbp1  43kDa 4 1 5.1 0.06 
Acidic leucine-rich nuclear phosphoprotein 32 family member E Anp32e  28kDa 1 1 7.6 0.01 
5-aminoimidazole-4-carboxamide ribonucleotide 
formyltransferase/IMP cyclohydrolase Atic 64kDa 1 1 4.2 0.01 
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Novel protein 
DKEY-
57A22.8  24kDa 1 1 6.7 0.01 
Eukaryotic translation initiation factor 5A Eif5a  17kDa 1 1 13.3 0.01 
Fatty acid binding protein 1b Fabp1b  14kDa 1 1 19.5 0.01 
Glycine amidinotransferase Gatm  38kDa 1 1 6.1 0.01 
Similar to OTTHUMP00000028706 Myh9l1  124kDa 1 1 2.5 0.01 
Nucleosome assembly protein 1, like 1 Nap1l1  44kDa 1 1 4.7 0.01 
Prosaposin Psap  58kDa 1 1 4 0.01 
Myeloid leukemia-associated SET translocation protein Setb  32kDa 1 1 6.7 0.01 
Zgc:112056 Zgc:112056 28kDa 1 1 5.7 0.01 
Insulin-like growth factor 2 mRNA-binding protein 1 Zgc:152963  66kDa 1 1 4 0.01 
22 kDa protein Zgc:171773  22kDa 1 1 11 0.01 
Zgc:92720 Zgc:92720 24kDa 1 1 7.5 0.01 
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Novel protein similar to vitellogenin 1 Vtg2  180kDa 718 76 45.9 7.1 
38 kDa protein NA 38kDa 193 12 52.2 6.78 
Similar to cathepsin L LOC100001565 38kDa 140 4 48.5 6.48 
147 kDa protein Vtg1  147kDa 203 16 55.2 5.39 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 176 21 53.6 4.56 
Vitellogenin 6 Vtg6  151kDa 136 14 50.6 4.13 
Novel protein similar to vertebrate meprin family LOC569018  29kDa 149 5 64.2 3.63 
149 kDa protein Vtg7  149kDa 11 1 48.6 3.19 
Vtg7 protein Vtg7  149kDa 152 16 48.7 3.1 
Actin, cytoplasmic 1 Bactin1  42kDa 220 19 65.6 2.52 
Heat shock 70kDa protein 5 Hspa5  70kDa 216 33 49.4 2 
Type II basic cytokeratin Krt4 44kDa 137 17 65.2 1.75 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 169 16 49.8 1.62 
Novel protein similar to vertebrate histone 1, H4h LOC563628  11kDa 133 16 67 1.16 
Actin, alpha, cardiac muscle 1 like Actc1l  42kDa 47 7 48.8 1.08 
Vg1 protein Vtg1  147kDa 21 4 53.4 1.05 
Novel protein similar to type I cytokeratin, enveloping layer Cyt1l  46kDa 25 4 63.6 1.02 
Type I cytokeratin Cyt1 46kDa 25 4 69.5 1.01 
Malate dehydrogenase Zgc:64133  36kDa 88 17 74.2 0.85 
ATP synthase subunit beta Zgc:111961  55kDa 93 17 44.5 0.83 
Vitellogenin 1 (Fragment) Vtg1  149kDa 26 2 75.4 0.78 
Histone H2B  Hist2h2l 13kDa 84 7 27.4 0.73 
Similar to Krt5 protein isoform 1 Krt5 59kDa 42 9 41 0.73 
Enolase Eno3  47kDa 86 14 52.8 0.7 
Heat shock cognate 71 kDa protein Hspa8  70kDa 70 12 27.7 0.7 
Elongation factor 1-alpha Ef1a  50kDa 76 14 42.6 0.64 
Tubulin, beta 2c Tubb2c 50kDa 71 15 51.9 0.62 
Sb:cb825 protein (Fragment) sb:cb825  55kDa 67 17 42.9 0.55 
Nucleoside diphosphate kinase Nme2  17kDa 57 10 71.9 0.48 
Gyg1 protein Gyg1  37kDa 44 8 20.1 0.44 
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ATP synthase, H+ transporting, mitochondrial F1 complex, alpha 
subunit 1, cardiac muscle Atp5a1  112kDa 48 15 33.4 0.43 
Novel protein similar to vertebrate procollagen-proline, 2- 
oxoglutarate 4-dioxygenase (Proline 4-hydroxylase), beta polypeptide NA  57kDa 54 12 29.9 0.43 
L-lactate dehydrogenase B chain Ldhb  37kDa 47 7 26 0.41 
Heat shock 70kDa protein 8 Hsp8 70kDa 31 4 60.1 0.39 
Vitellogenin 3, phosvitinless Vtg3 149kDa 48 13 26.2 0.39 
Keratin, type II cytoskeletal 8 Krt8  58kDa 37 8 31.2 0.35 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 40 6 36 0.34 
Eukaryotic translation elongation factor 2, like Eef2l  95kDa 38 14 26.2 0.31 
Phosphoglycerate kinase Pgk1  45kDa 34 9 37.4 0.29 
Tkt protein Tkt  68kDa 34 10 23.2 0.28 
Tubulin, alpha 3 Tuba4l  50kDa 35 6 22.3 0.27 
5-aminoimidazole-4-carboxamide ribonucleotide 
formyltransferase/IMP cyclohydrolase Atic 64kDa 34 11 32.7 0.26 
Ribosomal protein L4 Rpl4  30kDa 34 9 34.1 0.25 
Muscle cofilin 2 Cfl1  19kDa 26 4 35.8 0.24 
Calreticulin like Calrl  49kDa 26 4 23.1 0.23 
Guanine nucleotide-binding protein subunit beta-2-like 1 Gnb2l1  35kDa 25 10 51.1 0.22 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 22 4 22 0.21 
40S ribosomal protein S8 Rps8  24kDa 21 4 32.7 0.21 
Histone H2A Zgc:173652 14kDa 14 3 36.2 0.21 
Betaine--homocysteine S-methyltransferase 1 Bhmt 44kDa 19 7 28.5 0.19 
Ribosomal protein L3 Rpl3  21kDa 18 6 14.9 0.18 
Triosephosphate isomerase Tpi1b  27kDa 28 8 38.7 0.18 
Cathepsin L1, a Ctsl1a  38kDa 19 2 5 0.17 
Triosephosphate isomerase Tpi1a  27kDa 13 4 42.3 0.17 
Zgc:56493 Zgc:56493 12kDa 17 4 57.4 0.17 
Histone H2AV H2afv  14kDa 5 1 18 0.15 
Isocitrate dehydrogenase 2 (NADP+), mitochondrial Idh2  50kDa 19 7 26.7 0.15 
Ribosomal protein S2 Rps2 30kDa 17 4 23.9 0.15 
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Hspd1 protein Hspd1  61kDa 19 6 17.9 0.13 
Ribosomal protein L21 Rpl21 19kDa 13 4 31.9 0.13 
Ribosomal protein L5b Rpl5b  34kDa 14 5 19.6 0.13 
Ywhai protein Ywhai 28kDa 17 5 21.7 0.13 
Aconitase 2, mitochondrial Aco2  85kDa 13 4 13.4 0.12 
Fructose-bisphosphate aldolase B Aldob  39kDa 13 4 18.7 0.12 
Protein disulfide isomerase associated 4 Pdia4  73kDa 20 6 15.3 0.12 
Zgc:92891 Prdx2  22kDa 20 5 39.1 0.12 
Ribosomal protein L30 Rpl30 13kDa 12 3 49 0.12 
Ribosomal protein L7 Rpl7 28kDa 17 5 26.8 0.12 
Ribosomal protein L7a Rpl7a  43kDa 14 4 15 0.12 
60S ribosomal protein L8 Rpl8 28kDa 12 3 12.5 0.12 
40S ribosomal protein s11 Rps11  18kDa 13 3 25.8 0.12 
 Aldh2b protein Aldh2b 56kDa 12 4 17 0.11 
Histone H3.3 H3f3a  15kDa 15 2 21.3 0.11 
 Heterogeneous nuclear ribonucleoprotein A/B Hnrnpab 34kDa 14 2 8.8 0.11 
Pyruvate kinase Pkm2a  67kDa 14 6 19 0.11 
Novel protein similar to vertebrate peroxiredoxin 3 Prdx3  30kDa 14 4 19.9 0.11 
60S ribosomal protein L6 Rpl6 31kDa 11 4 17.4 0.11 
Ribosomal protein S3 Rps3  30kDa 14 6 38.8 0.11 
Putative uncharacterized protein Zgc:171710  16kDa 10 1 7.7 0.11 
Putative uncharacterized protein zgc:175088  20kDa 13 3 19.8 0.11 
Zgc:77235 Zgc:77235 17kDa 12 5 43.9 0.11 
Aldehyde dehydrogenase family 9 member A1-A Aldh9a1a 55kDa 12 2 7.9 0.1 
Glutathione S-transferase pi Gstp1  24kDa 14 5 36.5 0.1 
Ribosomal protein L11 Rpl11 20kDa 9 1 7.9 0.1 
Ribosomal protein L14 Rpl14 16kDa 11 3 24.5 0.1 
Ribosomal protein SA Rpsa  34kDa 12 4 27.9 0.1 
Natterin-like protein Zgc:113413  34kDa 13 3 14.6 0.1 
Zgc:66168 Zgc:66168 18kDa 11 2 18.6 0.1 
Alcohol dehydrogenase 5 Adh5  34kDa 11 3 12.3 0.09 
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Ribosomal protein S13 Rps13 17kDa 13 3 16.6 0.09 
Aspartate aminotransferase Got2b  47kDa 15 6 22.4 0.08 
Ribosomal protein L18 Rpl18 19kDa 9 3 36.6 0.08 
60S ribosomal protein L9 Rpl9  17kDa 8 2 15.1 0.08 
40S ribosomal protein S24 Rps24  15kDa 8 2 25.7 0.08 
Si:ch211-234p6.13 
si:ch211-
234p6.13  24kDa 13 4 21.7 0.08 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 7 3 12.5 0.08 
WD repeat domain 1 Wdr1 66kDa 10 6 20.8 0.08 
Zgc:110343 protein 
Zgc:110343 
protein 22kDa 3 3 29.4 0.08 
Adenosylhomocysteinase Ahcy  48kDa 9 5 18.2 0.07 
Ribosomal protein L10 Rpl10  25kDa 8 4 31.7 0.07 
60S ribosomal protein L10a Rpl10a 25kDa 8 2 19.9 0.07 
Ribosomal protein L12 Rpl12 18kDa 9 4 39.4 0.07 
Ubiquitin C-terminal hydrolase L1 Uchl1  24kDa 8 2 15.6 0.07 
LOC570477 protein zgc:162938 23kDa 10 3 19 0.07 
60S ribosomal protein L23 Zgc:73149  15kDa 6 1 14.3 0.07 
Zgc:77126 Zgc:77126  40kDa 9 3 8.4 0.07 
Leukotriene B4 12-hydroxydehydrogenase Ltb4dh  36kDa 13 3 12.5 0.06 
Proliferating cell nuclear antigen Pcna  29kDa 7 3 23.1 0.06 
60S ribosomal protein L19 Rpl19  23kDa 7 2 13.3 0.06 
40S ribosomal protein S7 Rps7 28kDa 7 3 26.3 0.06 
hypothetical protein LOC323055 Ywhab1  28kDa 6 2 9.7 0.06 
Zgc:153129 Zgc:153129 11kDa 7 3 52.5 0.06 
Myosin light chain alkali, smooth-muscle isoform Zgc:153867 19kDa 7 2 19.2 0.06 
ARP3 actin-related protein 3-like protein Actr3  47kDa 7 4 18.4 0.05 
Annexin 1c Anxa1c  35kDa 5 1 14.3 0.05 
Collagen, type I, alpha 2 Col1a2  127kDa 6 3 6 0.05 
Heat shock 10kD protein 1 Hspe1  10kDa 5 1 22.4 0.05 
   
 133
J.  2dpf Zebrafish Hearts (approx. 60) – 10/27/2008 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Macrophage migration inhibitory factor Mif  12kDa 7 2 27 0.05 
Nucleoplasmin Npm2 20kDa 8 2 25.8 0.05 
Ribosomal protein L28-like Rpl28l  16kDa 5 1 10.1 0.05 
Ribosomal protein S9 Rps9 22kDa 6 2 12.4 0.05 
Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, beta polypeptide like Ywhabl  28kDa 6 2 16.7 0.05 
Zgc:112425 Zgc:112425 21kDa 7 2 17.3 0.05 
Zgc:123327 Zgc:123327 16kDa 6 2 19.1 0.05 
Fructose-bisphosphate aldolase Aldoaa  40kDa 2 1 7.4 0.04 
 Annexin A1a Anxa1a  38kDa 4 2 13 0.04 
Anxa1c protein Anxa1c 35kDa 7 3 16.2 0.04 
Hypothetical protein 
CH211-
154E15.8  231kDa 6 2 2 0.04 
Ferritin heavy chain Fth1  20kDa 4 2 13.6 0.04 
Malate dehydrogenase Mdh1a  36kDa 6 2 9.5 0.04 
Protein DJ-1 Park7  20kDa 6 3 18.5 0.04 
Proteasome subunit alpha type Psma2 26kDa 5 2 15.3 0.04 
Proteasome subunit alpha type Psma5  26kDa 4 2 12.9 0.04 
60S ribosomal protein L24 Rpl24 18kDa 4 2 19.1 0.04 
Ribosomal protein L26 Rpl26 17kDa 7 2 17.2 0.04 
Rplp2l protein Rplp2l  12kDa 5 2 21.7 0.04 
Ribosomal protein S15 Rps15 17kDa 4 1 40 0.04 
40S ribosomal protein S4, X isoform Rps4x 30kDa 4 1 7.2 0.04 
Translationally-controlled tumor protein Tctp 19kDa 5 2 17 0.04 
Zgc:171772 protein Zgc:171772 10kDa 4 2 14.1 0.04 
MGC174082 protein Zgc:56530 11kDa 5 2 30 0.04 
Acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain Acadm  46kDa 4 2 8 0.03 
Aldehyde dehydrogenase 7 family, member A1 Aldh7a1  55kDa 3 2 5 0.03 
Calreticulin, like 2 Calrl2  49kDa 2 1 5.7 0.03 
Citrate synthase, mitochondrial precursor Cs  52kDa 5 3 12 0.03 
Glucose-6-phosphate isomerase Gpia  62kDa 5 4 11.8 0.03 
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Keratin, type I cytoskeletal 18 Krt18  47kDa 3 2 10.1 0.03 
hypothetical protein LOC564503  21kDa 5 2 13.5 0.03 
 Nots protein Nots 49kDa 4 2 9.1 0.03 
Profilin 2 Pfn2  15kDa 5 2 29.3 0.03 
60S ribosomal protein L18a Rpl18a 21kDa 3 2 15.3 0.03 
40S ribosomal protein S12 Rps12 14kDa 6 2 28.8 0.03 
40S ribosomal protein S18 Rps18  11kDa 8 2 17.3 0.03 
Novel protein similar to vertebrate ribosomal protein S16 si:dkey-66d18.1 16kDa 5 2 15.1 0.03 
Thrombospondin-3a precursor Thbs3a  106kDa 5 2 4 0.03 
Peptidyl-prolyl cis-trans isomerase Zgc:123307  17kDa 1 1 23.4 0.03 
Zgc:65996 Zgc:65996 21kDa 3 2 11.4 0.03 
Zgc:92237 Zgc:92237 29kDa 6 4 24.9 0.03 
 Zgc:77366  Zgc:77366 32kDa 2 2 9.8 0.02 
Alanyl-tRNA synthetase Aars  107kDa 4 2 4.2 0.02 
Hnrpa0l protein Hnrnpa0l  32kDa 2 1 5.3 0.02 
LOC402804 protein (Fragment) LOC402804 34kDa 2 2 14.3 0.02 
Novel protein LOC566658  16kDa 2 2 18.2 0.02 
Methylenetetrahydrofolate dehydrogenase Mthfd1  101kDa 3 3 6.6 0.02 
30 kDa protein NA  30kDa 3 2 9.8 0.02 
Proteasome subunit alpha type Psma6a  27kDa 2 2 9.9 0.02 
Ribosomal protein S15a Rps15a  15kDa 3 2 17.7 0.02 
Serine hydroxymethyltransferase Shmt1  28kDa 2 1 5.7 0.02 
Taldo1 protein Taldo1  30kDa 3 1 4.8 0.02 
Tropomyosin 4 Tpm4  33kDa 4 2 14.8 0.02 
CDC48 protein Vcp  89kDa 2 2 3.2 0.02 
acidic (leucine-rich) nuclear phosphoprotein 32 family, member B Anp32b 29kDa 1 1 9.3 0.01 
 Eukaryotic translation elongation factor 1 beta 2 Eef1b2 25kDa 1 1 5.8 0.01 
 Elongation factor-1, delta Eef1d  19kDa 1 1 11.5 0.01 
Pyrophosphatase (Inorganic) 1 Ppa1 33kDa 1 1 5.2 0.01 
Proteasome subunit beta type Psmb1  11kDa 1 1 20.6 0.01 
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Succinate dehydrogenase complex, subunit A, flavoprotein Sdha  72kDa 2 2 4.8 0.01 
Proteasome subunit alpha type Zgc:77139  28kDa 1 1 5.6 0.01 
Zgc:92082 Zgc:92082 57kDa 1 1 2.9 0.01 
Myosin light chain 2 Mylz2 16kDa 8 4 46.2 0.07 
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Novel protein similar to vitellogenin 1 Vtg2  180kDa 1246 106 50.6 12.67 
147 kDa protein Vtg1  147kDa 244 9 58.3 9.54 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 416 31 60.5 8.81 
Vitellogenin 1 (Fragment) Vtg1  149kDa 90 5 54.9 6.29 
Vitellogenin 6 Vtg6  151kDa 151 14 53.6 6.29 
149 kDa protein Vtg7  149kDa 251 22 53.7 5.99 
Vtg7 protein Vtg7  149kDa 338 31 53.5 5.83 
148 kDa protein Zgc:136383 148kDa 161 17 53.6 5.17 
Zgc:136383 protein (Fragment) Zgc:136383  124kDa 139 15 47.8 3.53 
Vg1 protein Vtg1  147kDa 8 1 55.9 1.81 
Actin, cytoplasmic 1 Bactin1  42kDa 128 16 61.9 1.59 
Vtg2 protein Vtg2  93kDa 1 1 43.8 1.36 
44 kDa protein Bhmt  44kDa 101 22 61.6 1.04 
Novel protein similar to vertebrate histone 1 LOC563628 11kDa 93 13 59.2 0.97 
Skeletal alpha1 actin Acta1  42kDa 38 12 58.1 0.84 
Vitellogenin 3, phosvitinless Vtg3 149kDa 92 17 34.2 0.78 
Novel protein similar to type I cytokeratin, enveloping layer Cyt1l  46kDa 49 10 63.3 0.65 
Type I cytokeratin Cyt1  46kDa 6 1 72.5 0.63 
Elongation factor 1-alpha Ef1a  50kDa 62 17 45.7 0.61 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 60 12 47.4 0.59 
Histone H2B  Hist2h2l 13kDa 59 8 27.4 0.52 
ATP synthase subunit beta Zgc:111961  55kDa 48 13 48.4 0.52 
Tubulin, beta 2c Tubb2c 50kDa 45 15 50.3 0.45 
Type I cytokeratin Cki  46kDa 15 3 26.4 0.39 
Heat shock 70kDa protein 5 Hspa5  70kDa 38 13 29.7 0.34 
Novel myosin family protein ns:zf-e523  22kDa 26 13 24.8 0.3 
Histone H2A H2af 14kDa 30 4 30.7 0.28 
ATP synthase, H+ transporting, mitochondrial F1 complex, alpha 
subunit 1, cardiac muscle Atp5a1  112kDa 31 12 33.6 0.26 
Eukaryotic translation elongation factor 2, like Eef2l  95kDa 30 13 28.2 0.26 
 
   
 137
K.  3dpf Zebrafish Hearts (approx. 60) – 10/11/2008 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 22 9 33.6 0.21 
Tubulin, alpha 8 like Tuba8l  50kDa 32 8 32.9 0.21 
47 kDa protein 
si:dkeyp-
113d7.4  47kDa 4 2 27.7 0.2 
Malate dehydrogenase Zgc:64133  36kDa 18 5 27.6 0.19 
Embryonic 1 beta-globin Hbbe1 16kDa 17 5 53.3 0.18 
 222 kDa protein wu:fd14a01 222kDa 3 2 14.8 0.16 
Heat shock cognate 71 kDa protein Hspa8  71kDa 14 5 16.5 0.15 
Heat shock 70kDa protein 8 Hspa8  70kDa 12 3 31.9 0.14 
Histone H3.3 H3f3a  15kDa 16 3 28.7 0.13 
39 kDa protein Zgc:92533 39kDa 2 2 29.8 0.13 
Zgc:92891 Prdx2  22kDa 10 3 23.9 0.12 
Tubulin, alpha 8 like Tuba8l  50kDa 2 2 20.7 0.12 
Natterin-like protein Zgc:113413  34kDa 10 3 14 0.12 
Elongation factor 1-gamma Eef1g  50kDa 12 4 17.9 0.11 
Isocitrate dehydrogenase 2 (NADP+), mitochondrial Idh2  50kDa 13 6 22.3 0.11 
Slow myosin heavy chain 1 Smyhc1  224kDa 10 2 5.3 0.11 
Tkt protein Tkt  68kDa 12 6 17.1 0.11 
Enolase Eno3  47kDa 10 4 16.5 0.1 
Guanine nucleotide-binding protein subunit beta-2-like 1 Gnb2l1  35kDa 11 4 21.5 0.1 
L-lactate dehydrogenase B chain Ldhb  37kDa 13 4 18.3 0.1 
Novel protein similar to vertebrate procollagen-proline, 2- oxoglutarate 
4-dioxygenase (Proline 4-hydroxylase), beta polypeptide NA 57kDa 9 3 8.8 0.09 
Nucleoside diphosphate kinase Nme2  17kDa 14 4 28.8 0.09 
40S ribosomal protein S8 Rps8  24kDa 8 3 26 0.09 
Adenosylhomocysteinase Ahcy  48kDa 9 5 12 0.08 
Aldehyde dehydrogenase family 9 member A1-A Aldh9a1a  55kDa 8 3 7.9 0.08 
Ribosomal protein SA Rpsa  34kDa 9 3 18.5 0.08 
Fructose-bisphosphate aldolase B Aldob  39kDa 6 4 23.4 0.07 
Hspd1 protein Hspd1  61kDa 6 4 14.8 0.07 
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Similar to polycystic kidney disease 1 protein LOC565697  322kDa 15 3 0.9 0.07 
Myosin light chain 2 Mylz2 16kDa 8 4 46.2 0.07 
Annexin 1c Anxa1c  35kDa 6 3 12.2 0.06 
Gyg1 protein Gyg1  37kDa 9 3 11.9 0.06 
223 kDa protein Myh9l2  223kDa 10 4 3.3 0.06 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 6 3 17.7 0.06 
Ribosomal protein L12 Rpl12  18kDa 6 3 30.3 0.06 
Ribosomal protein L4 Rpl4  30kDa 8 3 10.9 0.06 
Solute carrier family 25 member 5 protein Slc25a5 33kDa 7 4 15.1 0.06 
5-aminoimidazole-4-carboxamide ribonucleotide 
formyltransferase/IMP cyclohydrolase Atic 64kDa 5 4 13.7 0.05 
Heterogeneous nuclear ribonucleoprotein A/B Hnrnpab 34kDa 4 2 8.8 0.05 
Phosphoribosylaminoimidazole carboxylase, 
phosphoribosylaminoimidazole succinocarboxamide synthetase Paics  47kDa 5 3 8.9 0.05 
Ribosomal protein S2 Rps2 30kDa 5 4 17.9 0.05 
Ribosomal protein S5 Rps5  22kDa 6 1 8 0.05 
Sb:cb825 protein (Fragment) sb:cb825  55kDa 6 3 11.8 0.05 
Novel protein similar to vertebrate apolipoprotein B 
si:ch211-
219i10.1  412kDa 5 3 2.2 0.05 
Muscle cofilin 2 Cfl1  19kDa 3 2 29.1 0.04 
Heat shock protein 9 Hspa9  74kDa 4 2 3.8 0.04 
Translationally-controlled tumor protein Tctp 19kDa 4 3 28.1 0.04 
Zgc:112425 Zgc:112425 21kDa 4 2 17.3 0.04 
Aconitase 2, mitochondrial Aco2  85kDa 4 2 5.1 0.03 
Fructose-1,6-bisphosphatase 1 Fbp1  37kDa 4 2 9.5 0.03 
Chaperone protein GP96 Hsp90b1  85kDa 4 3 5.5 0.03 
Ribosomal protein L3 Rpl3  21kDa 3 2 28.2 0.03 
Ribosomal protein L30 Rpl30 13kDa 4 3 41.7 0.03 
Ribosomal protein L7a Rpl7a  43kDa 4 2 9 0.03 
Rplp2l protein Rplp2l  12kDa 3 2 21.7 0.03 
Ribosomal protein S3 Rps3  30kDa 3 2 12.7 0.03 
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Zgc:77235 Zgc:77235 17kDa 5 3 20.9 0.03 
Annexin A1a Anxa1a  38kDa 3 2 13.9 0.02 
Similar to Rplp0 protein, partial LOC100006200 35kDa 5 3 36.5 0.02 
Nascent polypeptide-associated complex subunit alpha Naca  23kDa 6 3 14 0.02 
Ribosomal protein L10 Rpl10  25kDa 3 2 11.9 0.02 
Similar to senataxin wu:fj92h09  81kDa 3 2 5.6 0.02 
Zgc:77231 Zgc:77231 21kDa 6 3 21.1 0.02 
Eukaryotic translation initiation factor 5A Eif5a  17kDa 1 1 20.7 0.01 
60S ribosomal protein L24 Rpl24 18kDa 1 1 8.3 0.01 
60S ribosomal protein L23 Zgc:73149  15kDa 1 1 14.3 0.01 
Novel protein similar to vertebrate keratin type I family (Fragment) Zgc:92061  50kDa 2 1 5.5 0.01 
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Similar to cathepsin L LOC100001565 38kDa 152 8 48.2 6.14 
Novel protein similar to vitellogenin 1 Vtg2  180kDa 492 66 46.7 5.96 
38 kDa protein NA 38kDa 155 10 50.7 5.89 
147 kDa protein Vtg1  147kDa 174 15 52.3 5.21 
Actin, cytoplasmic 1 Bactin1  42kDa 288 22 64.5 4.23 
Novel protein similar to vertebrate meprin family LOC569018  29kDa 38 5 70.6 4.09 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 121 19 52.5 3.92 
Hypothetical protein LOC678536 Zgc:136383  148kDa 81 8 49.4 3.59 
Vitellogenin 6 Vtg6  151kDa 108 15 47.8 3.54 
149 kDa protein Vtg7  149kDa 87 12 48.4 2.69 
Novel protein similar to type I cytokeratin, enveloping layer Cyt1l  46kDa 209 24 72.6 2.56 
Vtg7 protein Vtg7  149kDa 36 5 48.6 2.53 
Type II basic cytokeratin Krt4 44kDa 128 20 66.2 1.99 
Actin, alpha, cardiac muscle 1 like Actc1l  42kDa 57 13 60.5 1.87 
Heat shock 70kDa protein 5 Hspa5  70kDa 155 30 48.8 1.71 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 118 15 56.8 1.39 
Similar to Krt5 protein isoform 1 Krt5 59kDa 58 11 40.4 1.06 
Vg1 protein Vtg1  147kDa 18 3 53.7 0.98 
Elongation factor 1-alpha Ef1a  50kDa 91 19 44.2 0.95 
Heat shock cognate 71 kDa protein Hspa8  70kDa 61 10 28.9 0.8 
ATP synthase subunit beta Zgc:111961  55kDa 63 13 48.5 0.76 
Zgc:55461 Zgc:55461 50kDa 74 17 47.2 0.74 
Histone H2B  Hist2h2l 13kDa 62 9 40.3 0.65 
Vitellogenin 1 (Fragment) Vtg1  149kDa 17 2 74.9 0.65 
Malate dehydrogenase Zgc:64133  36kDa 54 12 61.4 0.64 
Sb:cb825 protein (Fragment) sb:cb825 55kDa 44 9 25.4 0.47 
Novel protein similar to vertebrate histone 1, H4h LOC563628  11kDa 47 9 63.1 0.46 
Heat shock 70kDa protein 8 Hspa8  70kDa 31 5 69.7 0.45 
47 kDa protein 
si:dkeyp-
113d7.4  47kDa 3 2 34.3 0.45 
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Tkt protein Tkt  68kDa 40 11 24.8 0.45 
Enolase Eno3  47kDa 72 15 50 0.44 
Eukaryotic translation elongation factor 2, like Eef2l  95kDa 42 14 27.2 0.42 
Vitellogenin 3, phosvitinless Vtg3 149kDa 39 11 19.5 0.41 
Gyg1 protein Gyg1  37kDa 30 6 16.7 0.38 
Zgc:92533 Zgc:92533 50kDa 1 1 26.2 0.35 
Keratin, type II cytoskeletal 8 Krt8  58kDa 37 9 37.3 0.33 
L-lactate dehydrogenase B chain Ldhb  37kDa 35 9 32.2 0.32 
Enolase Eno3  47kDa 1 1 52 0.3 
Peptidyl-prolyl cis-trans isomerase Ppial 17kDa 26 7 34.1 0.28 
Zgc:92891 Prdx2  22kDa 29 8 51.8 0.25 
Triosephosphate isomerase Tpi1b  27kDa 35 7 37.1 0.25 
5-aminoimidazole-4-carboxamide ribonucleotide 
formyltransferase/IMP cyclohydrolase Atic 64kDa 28 14 33.4 0.24 
Nucleoside diphosphate kinase Nme2  17kDa 22 6 48.4 0.23 
Triosephosphate isomerase Tpi1a  27kDa 12 3 36.7 0.23 
ATP synthase, H+ transporting, mitochondrial F1 complex, alpha 
subunit 1, cardiac muscle Atp5a1  112kDa 29 9 23 0.22 
Pyruvate kinase Pkm2a  67kDa 25 7 28.8 0.22 
40S ribosomal protein S8 Rps8  24kDa 21 3 25.5 0.22 
Histone H2A Zgc:173652 14kDa 17 2 36.2 0.21 
Tubulin, alpha 8 like Tuba8l  50kDa 19 4 13.1 0.2 
Betaine--homocysteine S-methyltransferase 1 Bhmt 44kDa 20 6 26.5 0.19 
Calreticulin like Calrl  49kDa 23 5 19.8 0.19 
Hspd1 protein Hspd1  61kDa 20 8 30.1 0.19 
Profilin 2 Pfn2  15kDa 18 4 46.4 0.19 
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Novel protein similar to vertebrate procollagen-proline, 2- 
oxoglutarate 4-dioxygenase (Proline 4-hydroxylase), beta polypeptide NA  57kDa 21 9 25.3 0.17 
Ribosomal protein L3 Rpl3  21kDa 17 5 14.9 0.17 
Ribosomal protein L4 Rpl4  30kDa 17 6 25.6 0.17 
Annexin 1c Anxa1c 35kDa 7 1 26.7 0.16 
Anxa1c protein Anxa1c  35kDa 6 1 32.7 0.16 
Natterin-like protein Zgc:113413  34kDa 15 3 14.6 0.16 
Annexin A1a Anxa1a  38kDa 16 6 23.2 0.15 
60S ribosomal protein L8 Rpl8 28kDa 15 3 20.6 0.15 
Aldehyde dehydrogenase family 9 member A1-A Aldh9a1a  55kDa 17 6 13.4 0.14 
Elongation factor 1-gamma Eef1g  50kDa 15 4 10 0.14 
Phosphoglycerate kinase Pgk1  45kDa 16 5 33.6 0.14 
Ribosomal protein L21 Rpl21 19kDa 13 4 37.5 0.14 
40S ribosomal protein S3a Rps3a 30kDa 15 6 41.2 0.13 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 15 7 31.3 0.13 
Zgc:110343 protein Zgc:110343 22kDa 4 2 26.4 0.13 
Adenosylhomocysteinase Ahcy  48kDa 12 7 24.2 0.12 
Guanine nucleotide-binding protein subunit beta-2-like 1 Gnb2l1  35kDa 11 4 32.2 0.12 
Novel protein similar to vertebrate peroxiredoxin 3 Prdx3  30kDa 12 4 19.9 0.12 
Translationally-controlled tumor protein Tctp 19kDa 10 3 28.1 0.12 
Cathepsin L1, a Ctsl1a  38kDa 10 2 11.6 0.11 
Ribosomal protein L7a Rpl7a  43kDa 8 3 15 0.1 
Zgc:92237 Zgc:92237 29kDa 13 5 24.9 0.1 
Aconitase 2, mitochondrial Aco2  85kDa 8 3 12.1 0.09 
Fructose-bisphosphate aldolase B Aldob  39kDa 12 4 14.6 0.09 
Keratin 15 Krt15 50kDa 8 2 11.5 0.09 
Malate dehydrogenase Mdh1a  36kDa 9 2 9.5 0.09 
Peptidyl-prolyl cis-trans isomerase Ppib 24kDa 10 4 17.1 0.09 
Zgc:77758 Rps20  13kDa 9 3 22.3 0.09 
Superoxide dismutase Sod1  16kDa 8 4 26 0.09 
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WD repeat domain 1 Wdr1 66kDa 9 3 8.7 0.09 
Hnrpa0 protein (Fragment) Hnrnpa0  32kDa 8 2 12.5 0.08 
Isocitrate dehydrogenase 2 (NADP+), mitochondrial Idh2  50kDa 10 4 13.8 0.08 
Ribosomal protein L5b Rpl5b  34kDa 9 3 15.1 0.08 
Ribosomal protein L7 Rpl7 28kDa 11 3 17.9 0.08 
40S ribosomal protein s11 Rps11  18kDa 8 2 18.9 0.08 
Ribosomal protein SA Rpsa  34kDa 8 2 9.7 0.08 
Putative uncharacterized protein Zgc:123047  25kDa 6 5 9.3 0.08 
MGC162616 protein Aldh18a1  85kDa 6 2 3.3 0.07 
Glycine amidinotransferase Gatm 48kDa 9 3 9.7 0.07 
Aspartate aminotransferase Got2b  47kDa 8 5 18.9 0.07 
Heat shock 10kD protein 1 Hspe1  10kDa 8 2 38.8 0.07 
Phosphoglycerate mutase 1 Pgam1  29kDa 6 2 14.6 0.07 
GTP-binding nuclear protein Ran Ran 24kDa 9 3 27 0.07 
Ribosomal protein L11 Rpl11 20kDa 5 2 15.7 0.07 
Ribosomal protein L14 Rpl14 16kDa 9 3 33.1 0.07 
Ribosomal protein L28-like Rpl28l  16kDa 6 1 10.9 0.07 
Ribosomal protein L30 Rpl30 13kDa 5 2 49 0.07 
Putative uncharacterized protein Zgc:175088  20kDa 6 1 6.8 0.07 
Histone H3.3 H3f3a  15kDa 8 2 21.3 0.06 
Kelch repeat and BTB domain-containing protein 8 Kbtbd8  69kDa 16 3 3.8 0.06 
Keratin, type I cytoskeletal 18 Krt18  47kDa 7 4 11.4 0.06 
223 kDa protein Myh9l2  223kDa 9 3 5.3 0.06 
Phosphoglucomutase 3 Pgm3  60kDa 6 3 7.1 0.06 
Plastin 3 Pls3 70kDa 8 2 4 0.06 
Proteasome subunit alpha type Psma2 26kDa 5 2 16.7 0.06 
60S ribosomal protein L6 Rpl6 31kDa 6 3 11.7 0.06 
40S ribosomal protein S24 Rps24  15kDa 7 2 36.2 0.06 
Transferrin Tfa  74kDa 6 3 8.4 0.06 
Ubiquitin C-terminal hydrolase L1 Uchl1  24kDa 5 2 18.8 0.06 
Zgc:112425 Zgc:112425 21kDa 5 1 5.9 0.06 
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Zgc:123327 Zgc:123327 16kDa 7 2 29.1 0.06 
Alcohol dehydrogenase 5 Adh5  34kDa 4 3 12.3 0.05 
Mixed alcohol dehydrogenase Adh8b Adh8b  41kDa 7 4 9 0.05 
GDP dissociation inhibitor 2 Gdi2  51kDa 5 3 10.9 0.05 
Heat shock protein HSP 90-beta Hsp90ab1  83kDa 9 4 11.6 0.05 
Retinol binding protein 4 Rbp4  22kDa 4 1 8.3 0.05 
60S ribosomal protein L10a Rpl10a 25kDa 5 1 13 0.05 
Ribosomal protein S13 Rps13 17kDa 7 2 16.6 0.05 
Ribosomal protein S15 Rps15 17kDa 5 2 26.9 0.05 
40S ribosomal protein S4, X isoform Rps4x 30kDa 6 4 16.3 0.05 
40S ribosomal protein S7 Rps7 28kDa 6 3 26.3 0.05 
Novel protein similar to vertebrate ribosomal protein S16 si:dkey-66d18.1 16kDa 4 2 17.1 0.05 
Putative uncharacterized protein Zgc:171710  16kDa 4 1 7.7 0.05 
Zgc:77235 Zgc:77235 17kDa 5 2 12.2 0.05 
Fructose-bisphosphate aldolase Aldoaa  40kDa 3 2 7.4 0.04 
Cathepsin B, a Ctsba  36kDa 5 1 5.5 0.04 
Ferritin heavy chain Fth1  20kDa 4 2 13.6 0.04 
Hnrpa0l protein Hnrnpa0l  32kDa 6 2 14.2 0.04 
60S ribosomal protein L23 Rpl23 15kDa 3 1 14.3 0.04 
Gelsolin, like 1 Scinla  80kDa 4 4 8.2 0.04 
CDC48 protein Vcp  89kDa 4 2 3.7 0.04 
14-3-3 protein beta/alpha-2 Ywhab2  27kDa 4 2 17.4 0.04 
Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, beta polypeptide like Ywhabl  28kDa 5 2 12.2 0.04 
Ywhai protein Ywhai 28kDa 4 2 12.3 0.04 
Zgc:123215 Zgc:123215 24kDa 4 2 13.1 0.04 
Ribosomal protein S27 Zgc:73262  10kDa 3 1 15.5 0.04 
Calr protein Calr  49kDa 1 1 9.6 0.03 
Coactosin-like 1 Cotl1  16kDa 8 3 21.1 0.03 
Eukaryotic translation elongation factor 1 beta 2 Eef1b2 25kDa 3 1 5.8 0.03 
Glucose-6-phosphate isomerase Gpia  62kDa 4 3 7.4 0.03 
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Chaperone protein GP96 Hsp90b1  85kDa 5 3 8.3 0.03 
 64 kDa protein LOC791688 64kDa 3 2 2.2 0.03 
Proteasome subunit alpha type Psma5  26kDa 2 1 7.9 0.03 
Ribosomal protein S2 Rps2 30kDa 3 3 16.1 0.03 
Serine hydroxymethyltransferase Shmt1  28kDa 2 1 5.7 0.03 
Tubulin, alpha 8 like 4 Tuba8l4  50kDa 0 0 19.6 0.03 
Ubiquitin A-52 residue ribosomal protein fusion product 1 Uba52  62kDa 2 1 21 0.03 
Ribosomal protein L18 Zgc:92872  21kDa 4 2 16.5 0.03 
Acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain Acadm  46kDa 1 1 5.9 0.02 
ARP3 actin-related protein 3-like protein Actr3  47kDa 1 1 9.3 0.02 
Heat shock protein 9 Hspa9  74kDa 3 2 4.1 0.02 
Leukotriene B4 12-hydroxydehydrogenase Ltb4dh  36kDa 2 2 9.1 0.02 
Novel protein similar to vertebrate microtubule-actin crosslinking 
factor 1 Macf1  881kDa 2 2 1.2 0.02 
30 kDa protein NA  30kDa 5 2 9.8 0.02 
Ribose-phosphate pyrophosphokinase Prps1a  33kDa 2 2 10 0.02 
Proteasome subunit alpha type Psma6a  27kDa 2 2 12.9 0.02 
Ribosomal protein L10 Rpl10  25kDa 2 2 24.3 0.02 
60S ribosomal protein L19 Rpl19  23kDa 2 2 15.8 0.02 
60S ribosomal protein L24 Rpl24 14kDa 2 2 14 0.02 
Hypothetical protein LOC323055 Ywhab1  28kDa 1 1 6.5 0.02 
Zgc:65996 Zgc:65996 21kDa 3 2 12 0.02 
Peptidyl-prolyl cis-trans isomerase Zgc:73373  12kDa 2 2 20.4 0.02 
Similar to cathepsin L isoform 1 LOC565362 38kDa 0 0 54.6 0.01 
Zgc:56363 Sardh  70kDa 1 1 50.7 0.01 
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Actin, cytoplasmic 1 Bactin1  42kDa 82 12 51.5 4.44 
Similar to Krt5 protein isoform 1 Krt5 59kDa 49 4 23.2 3.49 
Type II basic cytokeratin Krt4 44kDa 31 7 39.7 2.38 
Skeletal alpha1 actin Acta1  42kDa 27 4 19.1 2.29 
Novel protein similar to vertebrate histone 1, H4h LOC563628  11kDa 25 5 41.7 1.27 
Similar to pol polyprotein LOC100003348 124kDa 26 1 1.2 0.99 
Histone H2B  Hist2h2l 13kDa 18 3 20.2 0.93 
Elongation factor 1-alpha Ef1a  50kDa 17 5 17.3 0.81 
Histone H2A LOC100000783 14kDa 13 3 25.2 0.69 
Keratin, type II cytoskeletal 8 Krt8  58kDa 11 4 18.5 0.59 
Type I cytokeratin Cyt1 46kDa 12 5 30.8 0.56 
LOC794426 hypothetical protein Pdzd3 56kDa 10 1 2.8 0.55 
Eukaryotic translation elongation factor 2, like Eef2l  95kDa 10 3 5.8 0.5 
Novel protein similar to vertebrate glycolipid transfer protein 
DKEY-
234H16.2  24kDa 18 1 14.4 0.41 
Similar to transient receptor potential cation channel 6/channel-
kinase 2 LOC567781 34kDa 17 1 5.9 0.4 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 6 5 19.9 0.39 
Ictacalcin Icn 10kDa 6 1 13.7 0.36 
Elongation factor-1, delta Eef1d  19kDa 6 2 19.2 0.35 
223 kDa protein Myh9l2  223kDa 8 4 4.7 0.32 
Alpha-(1,3)-fucosyltransferase 11 Zgc:153537 56kDa 9 1 6 0.32 
Similar to novel zinc finger protein LOC100002502 45kDa 9 1 7.8 0.28 
Zgc:92533 Zgc:92533 41kDa 4 3 23.3 0.28 
Ribosomal protein L12 Rpl12 18kDa 5 1 9.1 0.27 
Heat shock 70kDa protein 8 Hspa8 70kDa 6 4 29.8 0.22 
Novel protein similar to vertebrate keratin type I family (Fragment) Zgc:92061 48kDa 7 2 5.2 0.2 
Tubulin, beta 5 Tubb5  50kDa 4 1 4.1 0.19 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 3 1 4.2 0.16 
Similar to PTPRT LOC570701  97kDa 4 1 2.6 0.16 
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Nucleoside diphosphate kinase Nme2 17kDa 3 2 30.1 0.16 
Similar to Ppar-alpha interacting complex protein 285 LOC570654  318kDa 9 2 1.4 0.15 
Pol-like protein NA  124kDa 9 2 4.7 0.15 
Ribosomal protein S2 Rps2 30kDa 3 1 4.3 0.15 
Ribosomal protein L7a Rpl7a  43kDa 2 1 4.9 0.12 
Myeloid cell leukemia sequence 1b Mcl1b  26kDa 4 1 5.7 0.11 
Triple functional domain 
si:dkey-
158b13.2  349kDa 2 1 0.6 0.11 
Similar to serine-threonine specific protein phosphatase LOC567375 34kDa 2 1 18.2 0.1 
Similar to GTPase, IMAP family member 8 LOC100007727 94kDa 2 2 3.4 0.09 
Similar to NLR family, card domain containing 3 LOC571296 94kDa 2 1 3.7 0.09 
Natterin-like protein Zgc:113413  34kDa 2 1 8.3 0.09 
Similar to piggybac transposable element-derived protein 5 LOC100004183 76kDa 4 1 2.2 0.08 
Similar to FAM20A LOC564308  92kDa 3 2 9.7 0.08 
Novel protein similar to vertebrate laminin, beta 2 LOC561356 197kDa 1 1 1.7 0.07 
Novel protein similar to vertebrate megakaryocyte-associated 
tyrosine kinase LOC799539 50kDa 1 1 9.9 0.07 
RAD21 homolog Rad21  73kDa 2 1 6.8 0.07 
Retinitis pigmentosa 2 Rp2  42kDa 2 1 4.5 0.07 
Mitochondrial substrate carrier Zgc:153273  36kDa 3 1 5.7 0.07 
Sema domain, transmembrane domain (TM), and cytoplasmic 
domain, (Semaphorin) 6D 96kDa 99kDa 1 1 3.3 0.06 
Annexin 4 Anxa4  36kDa 1 1 5 0.06 
Cyclin F Ccnf  85kDa 1 1 2.7 0.06 
Coactosin-like 1 Cotl1  16kDa 1 1 11.3 0.06 
Novel protein similar to vertebrate protein phosphatase 2 (Formerly 
2A), regulatory subunit B'', alpha DKEYP-38B6.1 60kDa 1 1 5.6 0.06 
DnaJ (Hsp40) homolog, subfamily A, member 2, like Dnaja2l  46kDa 2 1 3.4 0.06 
 
 
   
 148
M.  GFP Positive Kidney 3dpf Na+/K+- ATPase Zebrafish Embryos – 4/24/2009 (continued from the previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Similar to Cyp27a1-prov protein LOC558239  65kDa 1 1 7.8 0.06 
Similar to anionic trypsin-1 precursor LOC560023 28kDa 1 1 8 0.06 
Collagen alpha-1(XXVII) chain precursor LOC560145  103kDa 1 1 3.5 0.06 
Similar to non-muscle alpha-actinin 1 isoform 5 LOC560400  102kDa 1 1 1.3 0.06 
Similar to multiple PDZ domain protein LOC560839  222kDa 1 1 3.9 0.06 
Hypothetical protein LOC562111  53kDa 1 1 6.7 0.06 
Similar to inositol 1,4,5-trisphosphate 3-kinase LOC567276  68kDa 1 1 4.7 0.06 
Similar to Fat4 LOC796199 160kDa 1 1 2.2 0.06 
Similar to zinc finger protein 40 LOC798120  34kDa 1 1 8.7 0.06 
Hypothetical protein, partial LOC798803  76kDa 1 1 4.3 0.06 
Similar to novel nacht domain containing protein LOC799502 86kDa 1 1 2.5 0.06 
Similar to TNNI3 interacting kinase LOC799621 93kDa 1 1 2.4 0.06 
Leucine-rich repeat-containing protein 40 Lrrc40  67kDa 1 1 4.2 0.06 
50 kDa protein NA  50kDa 1 1 4.4 0.06 
70 kDa protein NA  70kDa 1 1 7.4 0.06 
46 kDa protein NA  46kDa 1 1 6.6 0.06 
Pax9b Pax9  28kDa 1 1 8.9 0.06 
Phosphoinositide-3-kinase, class 3 Pik3c3 83kDa 1 1 3.3 0.06 
DNA polymerase Pola1  157kDa 1 1 2.2 0.06 
Protein patched homolog 1 Ptc1  154kDa 2 1 1.7 0.06 
RAD54-like Rad54l  83kDa 1 1 4.1 0.06 
Rhesus blood group, B glycoprotein Rhbg  38kDa 1 1 8.9 0.06 
60S ribosomal protein L9 Rpl9  17kDa 1 1 13.1 0.06 
Novel protein Scyl3  85kDa 1 1 3.6 0.06 
Novel protein similar to vertebrate UDP-GlcNAc:betaGal beta-1,3-
N- acetylglucosaminyltransferase 7 
si:dkey-
102f14.4  47kDa 1 1 5.4 0.06 
Hypothetical protein LOC552978 
si:dkey-
175g20.1  26kDa 1 1 2.1 0.06 
Zgc:65897 Slc1a2  61kDa 1 1 18.7 0.06 
LOC569469 protein Snx10b  20kDa 1 1 17.1 0.06 
53 kDa protein Tsr1  53kDa 2 1 10.5 0.06 
   
 149
M.  GFP Positive Kidney 3dpf Na+/K+- ATPase Zebrafish Embryos – 4/24/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Titin b Ttnb  3200kDa 1 1 0.1 0.06 
Similar to vinculin isoform 2 Vcl  124kDa 1 1 1.5 0.06 
49 kDa protein Wipi2  49kDa 1 1 6.7 0.06 
Zgc:110300 Zgc:110300 13kDa 1 1 26.2 0.06 
Zgc:112425 Zgc:112425 21kDa 1 1 11.4 0.06 
Zgc:136804 Zgc:136804 52kDa 1 1 6.7 0.06 
Zgc:165502 protein Zgc:165502 29kDa 1 1 11.5 0.06 
MIF4G domain-containing protein-B Zgc:64152  25kDa 1 1 8.8 0.06 
Zgc:73153 Zgc:73153 40kDa 1 1 5.4 0.06 
Zgc:77366 Zgc:77366 32kDa 1 1 5.2 0.06 
Zgc:92742 Zgc:92742 42kDa 1 1 5.3 0.06 
Similar to novel nacht domain containing protein LOC799502 86kDa 1 1 2.5 0.06 
Similar to TNNI3 interacting kinase LOC799621 93kDa 1 1 2.4 0.06 
Leucine-rich repeat-containing protein 40 Lrrc40  67kDa 1 1 4.2 0.06 
50 kDa protein NA  50kDa 1 1 4.4 0.06 
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Similar to Krt5 protein isoform 1 Krt5 59kDa 30 3 8.8 7.33 
Type II basic cytokeratin Krt4 44kDa 19 4 18.7 4.99 
Zgc:153629 Zgc:153629 48kDa 9 3 6.3 1.93 
 34 kDa protein NA 34kDa 7 1 5.9 0.87 
Novel protein similar to vertebrate YLP motif containing 1 
si:ch211-
59d15.5  163kDa 7 1 0.7 0.77 
MARVEL domain-containing protein 1 im:7136220  31kDa 5 1 9.3 0.65 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 3 1 4.1 0.55 
Similar to mKIAA0782 protein LOC100005008 73kDa 3 1 2 0.52 
39 kDa protein NA 39kDa 2 1 9.8 0.49 
Elongation factor 1-alpha Ef1a  50kDa 2 1 3.2 0.47 
Protein tyrosine kinase Jak2b  130kDa 3 1 2.3 0.34 
53 kDa protein NA 53kDa 2 2 8.8 0.33 
Novel protein similar to human titin Ttnb 615kDa 2 2 0.7 0.3 
Zgc:158362 Zgc:158362 40kDa 2 1 8.7 0.29 
Novel protein similar to vertebrate cyclin-dependent kinase 5, 
regulatory subunit 1 si:dkeyp-92c9.2  35kDa 2 1 4.4 0.28 
86 kDa protein Alk  86kDa 1 1 3.9 0.24 
159 kDa protein Col4a4 159kDa 1 1 1.3 0.24 
Flotillin 1 Flot1b  33kDa 1 1 11.3 0.24 
Kruppel-like factor 13 like Klf13l  28kDa 1 1 10.1 0.24 
141 kDa protein LOC100001751 141kDa 1 1 2.3 0.24 
83 kDa protein LOC100003065 83kDa 1 1 2.6 0.24 
Similar to complement C3-H1, partial LOC100003961 69kDa 1 1 1 0.24 
Similar to very large inducible GTPase 1 LOC100007754 191kDa 1 1 1.9 0.24 
Similar to ANKIB1 protein LOC561277  127kDa 1 1 1 0.24 
Similar to MGC86483 protein LOC562218  30kDa 1 1 5.2 0.24 
Similar to alpha 1 type IIA collagen LOC564355  127kDa 1 1 2.3 0.24 
   
 151
N.  GFP Positive Kidney Pellet 3dpf Na+/K+- ATPase Zebrafish Embryos – 4/24/2009 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Similar to cysteine-rich with EGF-like domains 1 LOC569741  44kDa 1 1 8 0.24 
Lipoprotein lipase Lpl  58kDa 1 1 3.1 0.24 
66 kDa protein NA  66kDa 1 1 2.7 0.24 
Novel protein Nudt5  20kDa 1 1 11.6 0.24 
Odorant receptor Or125-2 35kDa 1 1 8.8 0.24 
Solute carrier family 16 (Monocarboxylic acid transporters), member 
3 Slc16a3  51kDa 1 1 14.1 0.24 
20 kDa protein Zgc:110699  20kDa 1 1 13.8 0.24 
CTF18, chromosome transmission fidelity factor 18 homolog Zgc:113153 109kDa 1 1 3.1 0.24 
48 kDa protein Zgc:136551  48kDa 1 1 4.1 0.24 
Transmembrane protein 166 Zgc:153298  17kDa 1 1 11.8 0.24 
Zgc:165564 protein Zgc:165564 31kDa 1 1 6.7 0.24 
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Actin, cytoplasmic 1 Bactin1  42kDa 286 16 56.5 5.51 
Type II basic cytokeratin Krt4 44kDa 187 18 54.5 4.16 
Elongation factor 1-alpha Ef1a  50kDa 128 17 42 2.34 
Type I cytokeratin Cyt1 46kDa 24 3 60.7 2.1 
Similar to Krt5 protein isoform 1 Krt5 59kDa 98 16 44.8 2.09 
Zgc:162931 protein Zgc:162931 42kDa 14 1 32.7 1.95 
Novel protein similar to type I cytokeratin, enveloping layer Cyt1l  46kDa 15 2 53.3 1.85 
Eukaryotic translation elongation factor 2, like Eef2l  95kDa 103 26 40.8 1.66 
Putative uncharacterized protein ns:zf-e523  223kDa 56 18 28.9 1.6 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 79 15 35.9 1.55 
147 kDa protein Vtg1  147kDa 28 6 36.4 1.51 
Skeletal alpha1 actin Acta1  42kDa 45 8 50.4 1.45 
Novel protein similar to vertebrate skeletal alpha-actin 1 Zgc:86725  42kDa 8 1 44.4 1.37 
223 kDa protein Myh9l2  223kDa 76 26 29.3 1.34 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 70 15 60.7 1.27 
Keratin, type II cytoskeletal 8 Krt8  58kDa 74 14 35.8 1.1 
Vitellogenin 6 Vtg6  151kDa 8 4 31.9 0.89 
Novel protein similar to vitellogenin 1 Vtg1  147kDa 11 6 31.9 0.87 
Novel protein similar to heat shock cognate 70-kd protein LOC791520  70kDa 41 11 31.1 0.85 
Malate dehydrogenase Zgc:64133  36kDa 50 11 54.6 0.85 
Tubulin, beta 2c Tubb2c 50kDa 21 5 52.4 0.83 
222 kDa protein wu:fd14a01  222kDa 10 4 19.2 0.8 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 40 7 57.3 0.72 
41 kDa protein Zgc:92533 41kDa 29 9 47.7 0.72 
Zgc:123194 Zgc:123194 50kDa 9 3 52.6 0.71 
Heat shock 70kDa protein 5 Hspa5  70kDa 39 13 34.2 0.7 
Tubulin, alpha 8 like 4 Tuba8l4  50kDa 6 2 52.4 0.7 
Heat shock protein HSP 90-beta Hsp90ab1  83kDa 41 13 29 0.67 
Natterin-like protein Zgc:113413  34kDa 40 5 17.5 0.67 
   
 153
O.  GFP Negative Kidney 3dpf Na+/K+- ATPase Zebrafish Embryos – 4/24/2009 (continued from previous page) 
Protein Name Gene Symbol 
Mr 
(kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Vtg7 protein Vtg7  149kDa 3 2 25.5 0.66 
Slow myosin heavy chain 1 Smyhc1  224kDa 30 14 16.5 0.62 
Novel protein similar to vertebrate histone 1, H4h LOC563628  11kDa 33 5 41.7 0.6 
Heat shock cognate 71 kDa protein Hspa8 71kDa 21 5 31.5 0.57 
Histone H2B Hist2h2l 13kDa 33 6 26.6 0.55 
Novel protein similar to vertebrate procollagen-proline, 2- 
oxoglutarate 4-dioxygenase (Proline 4-hydroxylase), beta polypeptide NA  57kDa 33 5 14.9 0.54 
Tubulin, alpha 8 like 3 Tuba8l3  50kDa 4 2 47.1 0.54 
Ywhai protein Ywhai 28kDa 26 8 41 0.49 
Histone H2A LOC100000783 14kDa 25 4 25.2 0.47 
Muscle cofilin 2 Cfl1  19kDa 27 6 47.9 0.46 
Type I cytokeratin Cki  46kDa 9 2 27.8 0.46 
Novel protein similar to vitellogenin 1 Vtg2  180kDa 24 13 19 0.46 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 23 3 29.9 0.44 
Ribosomal protein L4 Rpl4  30kDa 26 11 33.1 0.44 
47 kDa protein 
si:dkeyp-
113d7.4 47kDa 8 4 35 0.43 
Hypothetical protein LOC678536 zgc:136383  148kDa 1 1 27.9 0.42 
Enolase Eno3  47kDa 30 10 41.4 0.38 
Nucleoside diphosphate kinase Nme2  17kDa 23 7 60.8 0.38 
Ribosomal protein L12 Rpl12 18kDa 22 4 39.4 0.37 
Putative uncharacterized protein Zgc:175088  20kDa 22 6 60.5 0.37 
Ribosomal protein L3 Rpl3  21kDa 24 7 24.1 0.36 
Tkt protein Tkt  68kDa 19 8 22.2 0.35 
Tubulin, alpha 8 like Tuba8l  50kDa 7 2 29.8 0.35 
Glyceraldehyde 3-phosphate dehydrogenase Gapdh  36kDa 19 4 22.1 0.34 
Annexin 1c Anxa1c  35kDa 7 2 32.6 0.33 
Elongation factor-1, delta Eef1d  19kDa 20 3 24.2 0.33 
Zgc:112425 Zgc:112425 21kDa 17 4 29.7 0.33 
Myh9 protein (Fragment) Myh9  121kDa 9 4 31.2 0.32 
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ATP synthase subunit beta Zgc:111961  55kDa 20 10 32.7 0.32 
ATP synthase, H+ transporting, mitochondrial F1 complex, alpha 
subunit 1, cardiac muscle Atp5a1  60kDa 17 6 14.2 0.31 
Plastin 3 Pls3  70kDa 22 9 26.2 0.31 
Ribosomal protein S3 Rps3  30kDa 20 6 38 0.31 
Sb:cb825 protein (Fragment) sb:cb825  55kDa 15 3 16.1 0.31 
Zgc:123292 Zgc:123292 50kDa 5 1 29.5 0.31 
Annexin A1a Anxa1a  38kDa 17 4 26.1 0.3 
40S ribosomal protein S3a Rps3a 30kDa 16 4 25.8 0.3 
Myosin, light polypeptide 9, like Myl9l  20kDa 15 3 27.3 0.29 
WD repeat domain 1 Wdr1 66kDa 16 7 28.5 0.28 
Zgc:136383 protein (Fragment) Zgc:136383 43kDa 1 1 21.9 0.28 
Zgc:56493 Zgc:56493 12kDa 17 4 40.7 0.28 
Cfl1 protein Cfl1l  18kDa 13 2 23.9 0.27 
Actinin, alpha 4 Actn4  104kDa 13 6 18.8 0.26 
Anxa1c protein Anxa1c 35kDa 10 3 34.2 0.26 
Peptidyl-prolyl cis-trans isomerase Ppia 17kDa 15 4 27.8 0.25 
Embryonic 1 beta-globin Hbbe1 16kDa 14 3 43.9 0.24 
40S ribosomal protein S8 Rpsa  34kDa 14 3 19.7 0.24 
Ribosomal protein SA Rpsa  34kDa 18 8 39 0.24 
L-lactate dehydrogenase B chain Ldhb  37kDa 12 5 24.2 0.23 
Similar to heat shock cognate 70 kDa protein LOC562935  70kDa 2 1 18.1 0.23 
Pyruvate kinase Pkm2a  58kDa 13 5 14.3 0.23 
60S acidic ribosomal protein P0 Rplp0 35kDa 12 3 22.9 0.23 
Ribosomal protein S2 Rps2 30kDa 13 5 25.7 0.23 
Vitellogenin 1 (Fragment) Vtg1  151kDa 2 1 64.4 0.23 
60S ribosomal protein L23 Zgc:73149  15kDa 14 3 25 0.23 
Glutathione S-transferase pi Gstp1  23kDa 15 4 27.4 0.22 
Ribosomal protein S10 Rps10 19kDa 12 2 17.5 0.22 
Coactosin-like 1 Cotl1  16kDa 11 4 34.5 0.21 
Heterogeneous nuclear ribonucleoprotein A/B Hnrnpab  34kDa 18 5 17.6 0.21 
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Nascent polypeptide-associated complex subunit alpha Naca  23kDa 12 3 19.5 0.21 
Similar to AHNAK nucleoprotein wu:fb05a01  642kDa 16 8 9.4 0.21 
23 kDa protein Zgc:162938 23kDa 13 3 25 0.21 
Hsp47 protein Hsp47  46kDa 14 6 22 0.19 
Zgc:65996 LOC572750  21kDa 12 4 37.5 0.19 
Zgc:92891 Prdx2 22kDa 15 5 36.5 0.19 
Ubiquitin-activating enzyme E1 Uba1  118kDa 13 4 9.5 0.19 
Novel protein similar to eukaryotic translation initiation factor 5A Zgc:77429 14kDa 11 3 37.5 0.19 
Hnrpa0l protein Hnrnpa0l  32kDa 9 2 21.5 0.18 
Similar to OTTHUMP00000028706, partial Myh9l1    7 4 13.2 0.18 
Profilin 2 Pfn2  15kDa 10 2 27.9 0.18 
60S ribosomal protein L9 Rpl9  17kDa 12 4 37.9 0.18 
Rplp2l protein Rplp2l  12kDa 10 3 33 0.18 
Ribosomal protein S15 Rps15 17kDa 13 3 40 0.18 
Zgc:77235 Zgc:77235 17kDa 11 4 27 0.18 
Guanine nucleotide-binding protein subunit beta-2-like 1 Gnb2l1  35kDa 12 7 35.3 0.17 
Gsnl2 protein Gsnb  80kDa 9 3 11 0.17 
High-mobility group box 2 Hmgb2 24kDa 11 3 18.8 0.17 
Hnrpa0 protein (Fragment) Hnrnpa0  32kDa 11 4 19.1 0.17 
SERPINE1 mRNA binding protein 1 Serbp1  34kDa 10 3 14 0.17 
CDC48 protein Vcp  89kDa 14 7 15.1 0.17 
Hypothetical protein LOC323055 Ywhab1  27kDa 9 2 17.8 0.17 
14-3-3 protein beta/alpha-2 Ywhab2  27kDa 9 2 17.8 0.17 
Zgc:123215 Zgc:123215 24kDa 10 2 13.6 0.17 
Aldehyde dehydrogenase family 9 member A1-A Aldh9a1a  56kDa 11 5 15.7 0.16 
5-aminoimidazole-4-carboxamide ribonucleotide 
formyltransferase/IMP cyclohydrolase 
Atic  64kDa 9 3 13.6 0.16 
Zgc:64204 protein Ckmb  43kDa 7 3 20 0.16 
40S ribosomal protein S7 Rps7  22kDa 8 3 26.8 0.16 
Triosephosphate isomerase Tpi1b  27kDa 11 4 39.5 0.16 
   
 156
O.  GFP Negative Kidney 3dpf Na+/K+- ATPase Zebrafish Embryos – 4/24/2009 (continued from previous page) 
Protein Name Gene Symbol Mr (kDa) # Peptides 
# Unique 
Peptide 
% 
Coverage 
% Share of 
Spectrum I.D. 
Annexin A2a Anxa2a  38kDa 8 4 18.1 0.15 
Glucose-6-phosphate isomerase Gpia  62kDa 9 2 5.2 0.15 
KH domain containing, RNA binding, signal transduction associated 
1 
Khdrbs1  40kDa 8 3 9.2 0.15 
Keratin 15 Krt15  48kDa 11 3 14.7 0.15 
Nucleosome assembly protein 1, like 1 Nap1l1  44kDa 9 2 7.3 0.15 
60S ribosomal protein L10a Rpl10a  25kDa 9 3 19 0.15 
Ribosomal protein L7 Rpl7  28kDa 9 3 14.2 0.15 
ARP3 actin-related protein 3-like protein Actr3  47kDa 9 5 25.1 0.14 
Fructose-bisphosphate aldolase Aldoaa  40kDa 14 4 17.6 0.14 
Similar to non-muscle alpha-actinin 1 isoform 1 LOC560400  104kDa 8 2 16.1 0.14 
Ribosomal protein L7a Rpl7a  30kDa 10 3 16.5 0.14 
Ribosomal protein S13 Rps13  17kDa 9 2 18.5 0.14 
Ribosomal protein S14 Rps14 16kDa 9 2 22.5 0.14 
Ubiquitin C-terminal hydrolase L1 Uchl1  24kDa 7 2 15.6 0.14 
GTP-binding nuclear protein Ran Ran  24kDa 9 3 20 0.13 
40S ribosomal protein S4, X isoform Rps4x  30kDa 7 2 12.9 0.13 
Zgc:110343 protein  Zgc:110343 22kDa 3 2 31.8 0.12 
Annexin 11b Anxa11b  51kDa 7 2 10.7 0.12 
Calr protein Calr  49kDa 6 3 13.2 0.12 
Insulin-like growth factor 2 mRNA-binding protein 3 Dvr1rbp  63kDa 6 1 2.7 0.12 
Novel alpha-type globin Hbae1 16kDa 6 2 28.8 0.12 
Myosin light chain 2 Mylz2 19kDa 7 4 47.3 0.12 
Ribosomal protein L28-like Rpl28l  16kDa 6 1 10.1 0.12 
Similar to calpastatin long Cast  86kDa 9 2 6.7 0.11 
Ribosomal protein L21 Rpl21 19kDa 8 2 19.4 0.11 
Similar to vertebrate plectin 1, intermediate filament binding protein 151c10.1  500kDa 16 4 1.4 0.11 
Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, beta polypeptide like Ywhabl  28kDa 5 3 25.3 0.11 
ADP-ribosylation factor 3a Arf3a  21kDa 5 2 29.4 0.1 
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Calmodulin Calm1a 17kDa 5 1 11.5 0.1 
Calreticulin like Calrl  49kDa 7 3 11.9 0.1 
Adenylyl cyclase-associated protein Cap1  49kDa 7 4 17.9 0.1 
GDP dissociation inhibitor 2 Gdi2  51kDa 9 5 22.3 0.1 
Phosphoglycerate kinase Pgk1  45kDa 6 3 15.3 0.1 
Ribosomal protein L11 Rpl11  20kDa 5 1 7.9 0.1 
Ribosomal protein L5b Rpl5b  34kDa 7 2 9.8 0.1 
60S ribosomal protein L8 Rpl8  28kDa 5 1 6.2 0.1 
Ribosomal protein, large, P1 Rplp1  11kDa 7 1 14.2 0.1 
40S ribosomal protein S24 Rps24  15kDa 5 1 14.3 0.1 
Ribosomal protein S5 Rps5  21kDa 8 2 15 0.1 
Tropomyosin 3 Tpm3  29kDa 6 3 18.1 0.1 
Y box binding protein 1 Ybx1 35kDa 6 3 16.5 0.1 
Zgc:114188 Zgc:114188 15kDa 8 2 32.8 0.1 
Zgc:65956 Zgc:65956 56kDa 5 3 17.8 0.1 
Ribosomal protein L18 Zgc:92872  19kDa 5 1 9.8 0.1 
Gyg1 protein Gyg1  37kDa 5 2 11.9 0.09 
Novel alpha-type globin Hbae3  16kDa 11 3 36.4 0.09 
Similar to nonmuscle myosin heavy chain LOC563011  227kDA 3 2 4.2 0.09 
Malate dehydrogenase Mdh1a  36kDa 7 2 18.8 0.09 
Ribosomal protein L10 Rpl10  25kDa 6 3 23.4 0.09 
Similar to vertebrate vasodilator-stimulated phosphoprotein Zgc:110347  43kDa 6 3 14.5 0.09 
Zgc:56530 Zgc:56530 11kDa 5 3 30 0.09 
Zgc:66127 Zgc:66127 38kDa 7 3 14.7 0.09 
Zgc:77052 Zgc:77052 36kDa 9 5 17.5 0.09 
Adenosylhomocysteinase Ahcy  48kDa 5 4 21.5 0.08 
Annexin A5 Anxa5 35kDa 5 4 18.6 0.08 
Clatherin heavy chain Cltca  192kDa 5 3 4 0.08 
Elongation factor 1-gamma Eef1g  50kDa 6 3 11.8 0.08 
Similar to Prt1 homolog Eif3b  79kDa 4 1 2.4 0.08 
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Eukaryotic translation initiation factor 5A Eif5a  17kDa 4 2 22.2 0.08 
Glutamate dehydrogenase 1b Glud1b  59kDa 7 4 11.8 0.08 
Glutathione S-transferase M Gstm  26kDa 4 1 5.5 0.08 
Ictacalcin Icn    4 1 25.3 0.08 
Isocitrate dehydrogenase 2 (NADP+), mitochondrial Idh2  50kDa 5 2 7.3 0.08 
Similar to anterior gradient protein 3 LOC558963  19kDa 6 2 40 0.08 
Pol-like protein NA  146kDa 8 2 1 0.08 
17 kDa protein Nap1l1  17kDa 4 2 21.3 0.08 
Hypothetical protein LOC449936 Ppl  207kDa 5 5 5.4 0.08 
Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, epsilon polypeptide 1 Ywhae1 29kDa 3 1 16.8 0.08 
Proteasome subunit alpha type Zgc:114044  28kDa 6 1 5.5 0.08 
Myosin light chain alkali, smooth-muscle isoform Zgc:153867  19kDa 5 2 19.2 0.08 
LOC555328 protein Zgc:171630  45kDa 4 3 13.4 0.08 
Zgc:66317 Zgc:66317 59kDa 4 2 7.3 0.08 
Peptidyl-prolyl cis-trans isomerase Zgc:73373  12kDa 5 3 39.8 0.08 
Zgc:92237 Zgc:92237 29kDa 6 3 22.5 0.08 
Acidic leucine-rich nuclear phosphoprotein 32 family member E Anp32e  28kDa 3 1 16.8 0.07 
Betaine--homocysteine S-methyltransferase 1 Bhmt  44kDa 5 3 19 0.07 
Cell-adhesion protein alphaE catenin Ctnna  101kDa 4 2 6.2 0.07 
Hypothetical protein LOC791523  15kDa 6 2 17.2 0.07 
Interleukin 4 receptor alpha NA  71kDa 9 2 2.2 0.07 
Zgc:56142 S100a10b  11kDa 4 1 10.8 0.07 
Translationally-controlled tumor protein Tctp 19kDa 6 3 28.7 0.07 
Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation 
protein, epsilon polypeptide 2 Ywhae2  29kDa 2 1 11.4 0.07 
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Heterogeneous nuclear ribonucleoprotein A1 Hnrnpa1  43kDa 5 2 10.7 0.06 
Hspd1 protein Hspd1  61kDa 3 2 6.1 0.06 
Phosphoglucomutase 1 Pgm1  61kDa 3 1 3.2 0.06 
Ribosomal protein L30 Rpl30 13kDa 3 1 19.8 0.06 
276 kDa protein Spna2  276kDa 4 2 2.5 0.06 
Ubiquitin carrier protein Ube2l3l  18kDa 3 1 16.2 0.06 
Hypothetical protein isoform 1 wu:fb15e04  61kDa 3 2 5.7 0.06 
Zgc:77702 Zgc:77702 15kDa 3 1 16.4 0.06 
Zgc:91930 Zgc:91930 21kDa 4 2 8.8 0.06 
Aldehyde dehydrogenase 2 family (Mitochondrial)a Aldh2a  57kDa 3 1 8.5 0.05 
Fructose-bisphosphate aldolase B Aldob  39kDa 3 2 10.7 0.05 
Acidic (leucine-rich) nuclear phosphoprotein 32 family, member B Anp32b  29kDa 4 2 11.2 0.05 
Calpain 2, (M/II) large subunit a Capn2a  79kDa 4 3 11.2 0.05 
Capping protein (Actin filament) muscle Z-line, alpha 1 Capza1  33kDa 2 1 19.2 0.05 
33 kDa protein Capza1  33kDa 2 2 18.8 0.05 
Eukaryotic translation elongation factor 1 beta 2 Eef1b2  25kDa 3 2 13.8 0.05 
Zgc:136578 Gale  39kDa 4 2 10 0.05 
Ictacalcin-2 Icn2  11kDa 4 2 24.2 0.05 
107 kDa protein LOC100002090 107kDa 6 2 6.2 0.05 
Novel protein similar to vertebrate meprin family LOC569018  28kDa 3 2 20.6 0.05 
Isoform 1 of Major vault protein Mvp  97kDa 2 2 10.8 0.05 
Nucleoplasmin Npm2  20kDa 3 2 20.8 0.05 
Seryl-tRNA synthetase Sars  59kDa 4 3 9.7 0.05 
Myeloid leukemia-associated SET translocation protein Setb  32kDa 3 2 10.4 0.05 
Novel protein similar to human and mouse capping protein (Actin 
filament) muscle Z-line, alpha si:dkey-16k6.1  33kDa 1 1 17.5 0.05 
Taldo1 protein Taldo1  38kDa 4 2 8.6 0.05 
Zgc:56036 Zgc:56036 42kDa 3 2 9.6 0.05 
Hypothetical protein LOC406277 Zgc:56141  28kDa 2 2 19.9 0.05 
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Zgc:77366 Zgc:77366 32kDa 4 1 5.2 0.05 
Aconitase 2, mitochondrial Aco2  85kDa 2 2 6.5 0.04 
Actin-related protein 2-A Actr2 45kDa 3 2 12.7 0.04 
Rho GDP dissociation inhibitor (GDI) alpha Arhgdia  23kDa 2 2 8.4 0.04 
Citrate synthase, mitochondrial precursor Cs  52kDa 2 2 6.4 0.04 
Fructose-1,6-bisphosphatase 1, like Fbp1l  37kDa 2 1 5.9 0.04 
Ubiquitous gelsolin Gsna  81kDa 3 1 2.7 0.04 
Chaperone protein GP96 Hsp90b1  91kDa 3 2 7.9 0.04 
Interleukin enhancer-binding factor 2 homolog Ilf2  43kDa 4 3 18.6 0.04 
Keratin, type I cytoskeletal 18 Krt18  47kDa 2 1 2.9 0.04 
Hypothetical protein LOC563734  87kDa 2 1 6.2 0.04 
Methylenetetrahydrofolate dehydrogenase Mthfd1  101kDa 2 1 5.9 0.04 
Zgc:110681 Pdlim1  35kDa 2 1 5.6 0.04 
Proteasome Psmc1b  26kDa 2 1 14.7 0.04 
Ribosomal protein L14 Rpl14  16kDa 2 1 8.6 0.04 
60S ribosomal protein L18a Rpl18a 21kDa 3 2 12.5 0.04 
60S ribosomal protein L24 Rpl24  18kDa 2 1 8.3 0.04 
Zgc:77758 Rps20  13kDa 4 1 22.3 0.04 
Novel protein similar to vertebrate calpain family 
si:ch211-
160d20.1  78kDa 3 2 8.6 0.04 
Novel keratin family protein 
si:ch211-
243g18.2  49kDa 3 2 7 0.04 
Si:dkey-172m14.1 protein 
si:dkey-
172m14.1  47kDa 2 1 6.3 0.04 
Sjogren syndrome antigen B Ssb  46kDa 2 1 8 0.04 
Thioredoxin domain containing 5 Txndc5  46kDa 2 2 7.7 0.04 
Zgc:101083 Zgc:101083 37kDa 3 1 5.6 0.04 
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Spectrum I.D. 
Atp2a1 protein Atp2a1  110kDa 3 2 3.7 0.03 
Capping protein (Actin filament) muscle Z-line, beta Capzb  31kDa 2 2 17.6 0.03 
Enolase Eno1  42kDa 1 1 10.5 0.03 
Novel protein similar to bacterial GDP-mannose 4,6-dehydratases Gmds  29kDa 2 2 14.8 0.03 
Hydroxyacyl-Coenzyme A dehydrogenase Hadh  33kDa 2 2 10 0.03 
Heat shock protein 4 Hspa4l  93kDa 3 1 1.7 0.03 
Heat shock 10kD protein 1 Hspe1  10kDa 3 2 28 0.03 
97 kDa protein Kpnb1  97kDa 3 2 3.1 0.03 
42 kDa protein NA  42kDa 1 1 9 0.03 
Protein arginine methyltransferase 1 Prmt1  40kDa 3 2 8.9 0.03 
Ran binding protein 1 Ranbp1  27kDa 3 2 11.6 0.03 
Zgc:85717 Zgc:85717 21kDa 2 1 9.7 0.03 
Annexin 1b Anxa1b  37kDa 1 1 4.7 0.02 
Actin related protein 2/3 complex, subunit 2 Arpc2  35kDa 2 1 20 0.02 
Histone deacetylase 1 Hdac1  54kDa 1 1 4 0.02 
Zgc:123327 LOC100002663 16kDa 2 2 26.2 0.02 
Zgc:123327 LOC100002663 16kDa 2 2 26.2 0.02 
Similar to LOC402824 protein isoform 1 LOC402824  37kDa 1 1 5 0.02 
31 kDa protein NA  31kDa 2 1 9.9 0.02 
Nucleolin Ncl  71kDa 1 1 3.3 0.02 
Pyrophosphatase (Inorganic) 1 Ppa1  33kDa 1 1 12.7 0.02 
Pyrophosphatase (Inorganic) 1 Ppa1  33kDa 1 1 12.7 0.02 
Proteasome subunit alpha type Psma2 26kDa 1 1 18.5 0.02 
Proteasome subunit beta type Psmb1  11kDa 1 1 14.4 0.02 
Regulator of chromosome condensation 1 Rcc1  44kDa 1 1 5.5 0.02 
40S ribosomal protein S12 Rps12 14kDa 1 1 11.4 0.02 
Similar to Proteasome (prosome, macropain) subunit, alpha type, 2 si:rp71-45k5.4  26kDa 1 1 18.5 0.02 
Superoxide dismutase Sod1  16kDa 1 1 12.3 0.02 
Succinate-CoA ligase, GDP-forming, alpha subunit Suclg1  34kDa 1 1 7.1 0.02 
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Type II basic cytokeratin Krt4 44kDa 152 17 48.3 16.56 
Type I cytokeratin Cyt1 46kDa 21 3 57.1 7.99 
Similar to Krt5 protein isoform 1 Krt5 59kDa 50 10 36.7 7.22 
Novel protein similar to vertebrate histone 1, H4h LOC563628  11kDa 86 9 48.5 6.45 
Histone H2B  Hist2h2l 13kDa 78 8 27.4 5.38 
Keratin, type II cytoskeletal 8 Krt8  58kDa 46 12 26.7 4.79 
Novel protein similar to type I cytokeratin, enveloping layer 
si:dkeyp-
113d7.4  50kDa 35 9 26 3.23 
Actin, cytoplasmic 1 Bactin1  42kDa 30 7 37.3 3.05 
ATP synthase subunit beta Zgc:111961  55kDa 33 11 35 2.6 
Histone H2A LOC100000783 14kDa 18 2 25.2 2.29 
ATP synthase, H+ transporting, mitochondrial F1 complex, alpha 
subunit 1, cardiac muscle Atp5a1  60kDa 28 8 25 2.1 
Skeletal alpha1 actin Acta1  42kDa 10 3 18.3 2.02 
41 kDa protein Zgc:92533  41kDa 12 6 38.9 1.91 
47 kDa protein 113d7.4  47kDa 8 2 24.5 1.46 
Solute carrier family 25 member 5 protein Slc25a5  33kDa 19 3 19.1 1.44 
Type I cytokeratin Cki  46kDa 3 2 24.9 1.34 
Histone H2AV H2afv  14kDa 6 1 18 1.14 
Elongation factor 1-alpha Ef1a  50kDa 14 4 13.6 1.09 
Voltage-dependent anion channel 2 Vdac2  30kDa 10 2 11.3 0.89 
Keratin 15 Krt15  48kDa 7 3 12 0.85 
Novel keratin family protein LOC100006549 50kda 13 4 16.2 0.73 
61 kDa protein wu:fb15e04  61kDa 5 3 12.1 0.49 
Embryonic 1 beta-globin Hbbe1 16kDa 5 1 12.1 0.48 
Keratin, type I cytoskeletal 18 Krt18  47kDa 6 2 6 0.45 
Atp2a1 protein Atp2a1  110kDa 4 3 5.4 0.34 
Novel protein similar to H.sapiens VDAC3, voltage-dependent anion 
channel 3 LOC791702  34kDa 3 1 6.8 0.29 
Lamin B2 Lmnb2  66kDa 4 1 2.2 0.29 
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Tubulin, beta 2c Tubb2c 50kDa 4 3 9.2 0.26 
Vitellogenin 1 Vtg1 147kDa 4 2 2.2 0.23 
Heat shock 70kDa protein 5 Hspa5  70kDa 3 2 4.8 0.22 
Heat shock cognate 71 kDa protein Hspa8  71kDa 5 2 5.7 0.2 
KH domain containing, RNA binding, signal transduction associated 
1 Khdrbs1  40kDa 2 1 4.5 0.19 
Hypothetical protein LOC564503  21kDa 5 2 10.5 0.19 
Ribophorin II Rpn2 69kDa 2 1 7.3 0.17 
Flotillin-2a Flot2a  47kDa 2 1 4.4 0.16 
Histone H3 Zgc:158701 15kDa 1 1 35.3 0.13 
Elongation factor-1, delta Eef1d  19kDa 1 1 11.5 0.1 
Cytochrome c oxidase subunit 2 Mt-co2  26kDa 1 1 8.7 0.1 
Zgc:77366 Zgc:77366 32kDa 1 1 5.2 0.1 
Ribophorin I Rpn1  68kDa 1 1 5.3 0.1 
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